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ABSTRACT 
Repetitive sequences are dynamic components of the genome 
encompassing major satellites and simple sequence repeats (SSRs) which 
comprises minisatellites and microsatellites. Most of these SSRs are found in 
the non-coding genome whereas a small fraction is retained in the 
transcriptome which participate in gene regulation through transcription, 
translation, slipped strand mispairing or gene silencing. Repeat sequences 
are known to shrink and expand fuelling the process of copy number 
alteration and have been associated with tumorigenesis and several other 
genetic anomalies. Majority of these SSRs are evolutionarily conserved 
whereas others remain unique to a given genome. Their evolutionary 
conservation and polymorphism within and across the 
tissues/sex/stage/species substantiates their vital regulatory roles in the 
higher eukaryotes. However, the distribution and significance of SSRs within 
the non-coding and coding genomes, even in the best characterized 
organisms including human, remains unclear. To explore the organization and 
expression of such repeat-tagged genes, we targeted the transcriptome of 
water buffalo Bubalus bubalis as a model system. Buffalo is an important 
animal in agriculture, dairy and meat industries in the Indian sub-continent as 
India has about half of the world's buffalo population. Compared to its 
importance, still no information is available on the genetic makeup of this 
important livestock animal. Novelty also lie in the fact that buffalo genome is 
unexplored in terms of genes present and its association with the major 
satellites or SSRs. 
Simple consensus repeat of a 16 nucleotide long (5' 
CACCTCTCCACCTGCC 3') of 33.15 repeat loci originating from the human 
myoglobin gene have been studied in a number of species. Similarly, the 
repeats of GATA and GACA sequences were identified from the Banded krait 
minor (Bkm) satellite DNA in snakes (ZW) and found to be conserved in a 
number of species including human, with their highest frequency on the sex 
chromosomes of various eukaryotes. The distribution of such important 
repeats in the non-coding genomes, and their organization within the mRNA 
transcripts originating from somatic/gonadal tissue and spermatozoa remains 
largely unresolved. Owing to the tissue- and sex-specific organization of 
GACA, GATA and 33.15 repeats, and role of spermatozoal RNA in and post 
syngamy, the transcriptome fraction tagged with these repeats in somatic 
tissues, gonads and spermatozoa of water buffalo Bubalus bubalis was 
studied using Minisatellite/Microsatellite Associated Sequence Amplification 
(MASA). Moreover, the isolation and characterization of the candidate full 
length genes; Secreted modular calcium binding protein-1 {Smoc-^) and 
Protooncogene c-kit receptor (c-kit) were also performed from buffalo Bubalus 
bubalis. The characterization included domain organization, copy number 
status, in silico structural and functional analysis, in-vitro protein expression & 
purification, tissue & age specific transcription/translation and localization of 
the same onto the metaphase chromosomes & basement membrane zone. In 
brief, the objectives of present thesis included: (1) In silico analysis to explore 
the distribution of GACA, GATA and 33.15 repeats within the non-coding and 
coding genomes across the species. (2) Identification and cloning of the 
satellite tagged transcripts using different consensus repeat motifs and 
random primers following MASA with the cDNA from somatic tissues, gonads 
and spermatozoa in water buffalo Bubalus bubalis. (3) Sequencing and 
computational analysis of the MASA uncovered sequences to assess their 
homology status across the species, evolutionary studies and sequence 
organization in different tissues, if any. (4) Assessment of germline 
modulation of the MASA uncovered mRNA transcripts. (5) Tissue and stage 
specific expression for individual MASA uncovered genes/gene fragments 
using RNA slot blot hybridization, RT-PCR and Real Time PCR analysis. (6) 
Copy number calculation of all the MASA entrapped genes using SYBR green 
assays and Real Time PCR, and Chromosomal localization of candidate 
genes using Fluorescence in Situ Hybridization (FISH). (7) Isolation and 
detailed characterization of candidate genes and their in vitro expression 
studies. 
Peripheral blood and tissue samples from both the sexes of water 
buffalo {Bubalis bubalis) were collected from local slaughterhouse, Delhi 
following strictly the guidelines of Institutional Ethical and Bio-safety 
Committee. Fresh ejaculates from the buffaloes were collected from the local 
dairy farm. Genomic DNA was isolated from blood, tissue and semen samples 
using phenol: chloroform: Isoamyl-alcohol extraction method. For cross 
hybridization studies, DNA was also extracted from peripheral blood of cattle, 
sheep, goat, human, Pigeon, Pig, Baboon, Bonnet monkey, Langur, Rhesus 
monkey. Lion and Tiger. Lion and Tiger blood samples were procured with 
due approval of the competent authorities of the Government of India. RNA 
was isolated from blood, semen and tissue samples using Tri-X reagent as 
per the suppliers' specifications. The cDNA synthesis was conducted using a 
commercially available kit (GIBCO-BRL). MASA reactions were conducted 
using 6 sets of oligos based on the GACA and GATA repeats, and a 16-
nucleotide long oligo for the 33.15 repeat loci. MASA uncovered a total of 148 
amplicons using consensus sequence of 33.15 repeat, 332 amplicons with 
GACA repeat motif and 136 amplicons with GATA motif. These amplicons 
were cloned in to pGEMT-easy vector (Promega, USA). The resultant 
recombinant clones were sequenced and the sequences were deposited in 
the GenBank. For the characterization of buffalo c-kit gene, four sets of PCR 
primers were designed based on mRNA sequence of Bos taurus and Bos 
primigenius. Full length Smoc-^ was isolated using four sets of primers 
designed from the human and cattle Smoc-1 sequences The 5' UTR and 
polyadenylation signal at 3'UTR were identified using 5' & 3' RACE kits 
(Invitrogen, USA). For expressional analysis, RNA slot blot analysis was 
performed using 2 pg of total RNA from different tissues of buffalo blotted on 
the nylon membrane and respective clones as probes. The Northern results 
were further confirmed by RT-PCR using internal primers for each uncovered 
fragment. The evolutionary status of the uncovered genes/gene fragments 
was studied using them as the probes in individual southern blots with the 
DNA from various species. Copy number of the MASA uncovered genes and 
c-kit was calculated based on absolute quantitation assay using SYBR Green 
dye and Sequence Detection System-7000 (ABI, USA). For relative 
expression analysis, SYBR green assays were conducted for individual 
fragments using equal amount of cDNA from all the tissues and spermatozoa, 
with (3-actin as an internal control. The expression level or amount of 
transcripts of a particular fragment was estimated by comparative Ct method 
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with one of the tissues as calibrator sample. Chromosome preparations were 
done by inoculating approximately 400 pi of whole blood in the RPMI-1640 
media containing 20% fetal bovine serum. Cattle derived BAC clone 
Ctg9.CH240-54l18 representing full length Smoc-^ gene and human derived 
BAC clone RP11-571F15 for Ubap^ gene were used as probes. Probes were 
labeled with Fluorescein-12-dUTP using Nick Translation Kit fi'om Vysis, (IL, 
USA) and detected with biotinylated anti-fluorescein antibody and FITC-avidin 
DCS (Vector Labs). Chromosome identification and band numbering were 
done through G-banding. The recombinant GST-tag-Smoc1 was transformed 
in to BL21 (DE3) E.coli and expression of the recombinant protein was 
induced with 1mM IPTG. Smoc-1 protein was purified using GST-tag 
purification resin (Clontech, USA). A rabbit was immunized with purified 
recombinant Smoc-1 protein using alum as an adjuvant to obtain the Anti-
PSmoc1-pAb. To ensure the specificity, primary antiserum (Anti-SySmod-
pAb) was obtained for a commercially synthesized 26 amino acid (69S to 
95G) long peptide, specific to Smoc-^ domain, conjugated to Keyhole limpet 
hemocyanin (KLH). The protein was transferred onto nitrocellulose 
membranes, was probed with primary antibodies. Secondary detection was 
carried out with goat anti-rabbit IgG conjugated with HRP (Bio-rad, USA). The 
distribution of Smoc-1 protein in different tissues was studied on paraffin 
sections by indirect Immunohistochemistry using Anti-SySmocl-pAb. 
Results started with the hybridization of the GACA, GATA and 33.15 
repeats with total RNA from different tissues showing discernible but 
differential signals indicating tagging of these repeats with several transcripts. 
The in-silico analysis of the available complete or incomplete genomes of 
Archea/ Eubacteria and 17 eukaryotes revealed the absence of GACA/GATA 
repeats in the prokaryotes demonstrating total absence of these repeats in 
prokaryotes and their presence in different eukaryotes studied suggested their 
accruement in the non-coding and coding genomes of eukaryotes. However, 
a gradual accumulation of these repeats was observed in the higher 
eukaryotes during the course of evolution. Exploration of the GACA/GATA 
tagged transcriptomes from lower to higher eukaryotes suggested their 
species-specific distribution. These repeats seem to have been acquired in 
4 
the transcriptomes with the increase in the genetic complexities in higher 
eukaryotes. Further, the chromosome-wise distributional studies for these 
repeats highlighted their concentration on the sex chromosomes of different 
species. Thus, the sex-chromosomal occurrence and diversity of tagged 
transcripts suggested the involution of the GACA/GATA repeats in functional 
regulation of the sex determination. 
MASA using 33.15 repeat uncovered a total of 25 amplicons 
representing 7 different transcripts from somatic tissues, testes and ovaries 
and 48 amplicons comprising 12 types of transcripts from spermatozoa. 
GACA repeat identified a total of 57 amplicons representing 14 different types 
of transcripts from somatic tissues and gonads, and 104 amplicons in 
spermatozoa representing 26 types of transcripts. Whereas GATA repeat 
uncovered a total of 24 amplicons constituting 10 types of transcripts were 
identified from different tissues and spermatozoa, barring lung and heart 
which were conspicuously devoid of any amplicon. Following cloning and 
sequencing of all the transcripts, we observed tissue specific profile for all 
these genes/gene fragments. Further, the homology studies revealed that 
80% of the 33.15, 65%, GACA and 10%, GATA tagged transcripts were 
significantly homologous with several coding genes across the species or 
uncharacterized BAG clones originated from cattle or human. Remaining 
fragments showed non-substantial or no homology with the genes present in 
the databank. Moreover, amongst the transcripts showing homology, only 
three fragments showed similarity along their entire length to the database 
representatives, whereas remaining ones were homologous either to 573' or 
intervening sequences of the characterized genes. Interestingly >80% of the 
homologous genes were found to be involved in either signal transduction or 
cell-cell interaction pathways whereas remaining ~20% were implicated with 
several diseases. Differential transcript profiles uncovered here by different 
repeats may be explained either towards their various functions in somatic 
tissues, gonads (testis/ovary), and spermatozoa, or differential functions at 
various stages of development. Absence of the GATA-tagged transcripts in 
lung and heart is anticipated to be transcriptional quiescence of the 
representative genes. The homology search establishing the novel status of 
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approximately 40% GACA-tagged and all the GATA-tagged transcripts further 
corroborated their species-specific distribution. 
The comparative richness of the buffalo transcriptome was analyzed 
for the GACA, GATA or 33.15 repeats, and found the association of relatively 
more number of transcripts with GACA than with GATA or 33.15 repeat. 
Briefly, a total of 63 different mRNA transcripts (34, GACA-tagged; 10, GATA-
tagged; and 19, 33.15-tagged) representing few known and most of the novel 
ones were identified. Although the primates and cetartiodactyls' genomes are 
relatively GC poor, the GC richness of buffalo genome and transcriptome 
seem to be unique for its organization and thus for replication timings, genetic 
recombination, methylation and gene expression. There are two possible 
explanations for the detection of 20 of 34 GACA-tagged and 6 of 10 GATA-
tagged transcripts in testis/spermatozoa. First of all, the transcripts could not 
be picked up in other tissues due to either polymorphic nature of the STRs or 
lower number of transcripts, and secondly, they are dormant in other tissues 
barring testis and spermatozoa. The above discussed species-specific 
distribution of these repeats became more interesting when these repeats 
picked up various mRNA transcripts in the buffalo spermatozoa as well. 
Although many signaling molecules and transcription factors have been 
reported to pass by the spermatozoan into the zygotic cytoplasm on 
fertilization, yet 3000-5000 transcripts remains to be characterized. The 
existence of the SSRs tagged transcripts in the buffalo spermatozoa is the 
first finding which highlights the involvements of the 33.15, GACA and GATA 
repeats and their tagged mRNA transcripts during the pre- and post-
fertilization events. It became more significant, when all these uncovered 
mRNA transcripts showed faithful evolutionary conservation across thirteen 
different species, suggesting broader significance of these repeats in these 
species and may be in all the eukaryotic species. 
Following, all the transcripts were analyzed for sequence 
polymorphisms at inter-tissue or tissue-spermatozoal levels. Of the 7 
transcripts uncovered with the consensus of 33.15 repeat loci, the 846 bp one 
showed random nucleotide changes in the somatic tissues that did not alter 
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the amino acids. However, gonads (ovary and testis) showed changes at six 
identical places resulting in conspicuous alterations and deletions of the 
amino acids in the C-terminal region. The 846 bp fragment showed homology 
with Adenylate Kinase Like gene which is known to play an important role in 
reproduction. Several single nucleotide changes and INDEL polymorphisms 
were detected also in most of the GACA-tagged transcripts. For instance, 
among the transcripts detected exclusively in the different tissues, the 1.8 kb 
transcript depicted major alterations including insertions of 36 and 4 bp 
exclusively in lung and several point nucleotide changes in lung/heart or 
testis/ovary besides a few randomly distributed ones. The transcripts shared 
by spermatozoa and tissues such as 1.3 kb transcript showing homology with 
NFATC2 gene demonstrated the insertion of 10 bp and several single-
nucleotide variations exclusively in spermatozoa. Ankyrin repeat domain-26 
showed identical nucleotide sequences in both the testis and sperm, but 
polymorphism at several points in the ovary. This transcript was not detected 
in any of the somatic tissues. Next, GATA-tagged transcripts were analyzed to 
look'for similar sequence alterations. Four out of ten transcripts evinced 
several single nucleotide insertions, deletions and/or substitutions at many 
places. DNA sequence variation can contribute to phenotypic variation by 
affecting the steady-level of mRNA molecules of a particular gene in a given 
cell or tissue. The tissue- and spermatozoa-specific sequence organizations 
in 30% of the repeat tagged transcripts substantiated this hypothesis. 
The copy number of these repeat tagged gene/gene fragments was 
calculated as 1 to 65 copies per haploid genome in buffalo. The comparative 
expression carried out for the repeat tagged transcripts here uncovered 
explored the positive significant expressional variation in all the 
somatic/gonadal tissues and spermatozoa. Of the seven 33.15 tagged 
transcripts, four (AKL, LRRN6A, Spergen-3 and TCRGL) showed highest 
expression in testis. The expression profiles so observed suggested the 
potential implications of these transcripts in various testicular functions. This is 
an important observation because following this approach, genes expressing 
preferentially in gonad(s) may be easily accessed. Smoc-^ and TCRL genes 
showed highest expression in liver and spleen respectively. The 576 bp 
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transcript showing partial homology to TCRL-a gene seems to have 
Immunological significance as demonstrated by its highest expression in 
spleen. The LRRN6A gene encoding for a transmembrane leucine-rich repeat 
protein involved in axonal guidance, migration, nervous system development 
and regeneration processes of neuronal cells also showed maximum 
expression in the testis. 
Out of 32 GACA-tagged transcripts studied for the quantitative 
expressional studies, about 50% transcripts evidenced highest expression in 
testis, 20% in spleen/liver, and remaining 30% with uniform expression in all 
the tissues, when the expression was compared between somatic tissues and 
gonads. Further, the comparative expression of these transcripts amongst 
tissues and spermatozoa unveiled surprising observations such that 14 
transcripts showed highest expression in the spermatozoa followed by testis 
and 3 exclusively in the spermatozoa. Secondly, 2 transcripts demonstrated 
exclusive expression in testis, 4 in liver/spleen and 9 showed consistent 
expression in all the sources studied. Interestingly, the highest expression of a 
total of 29 transcripts comprising 19 GAGA- and all the 10 GATA-tagged 
transcripts in testis and/or spermatozoa corroborated their deep involutions in 
the spermatogenesis and fertilization events. The negligible or lower 
expression of these gene fragments in other tissues including ovary, further 
substantiated their potentials in the male gonad development. Studies have 
hypothesized the participation of GACA/GATA repeats in reproduction and 
heterogametic germ cell development. Present study demonstrating the testis-
and spermatozoa-specific expression of majority of the GACA/GATA tagged 
transcripts further substantiates this hypothesis. 
Chromosomal localization mapped the Ubap^ gene onto short arm of 
the metacentric chromosome 3 whereas ANKD26 onto the proximal end of 
short arm of the sub-metacentric chromosome 4 in water buffalo. 
Proto-oncogene c-kit receptor is implicated with spermatogenesis, 
melanogenesis and hematopoiesis, and undergoes tissue/stage specific 
alternate splicing. The 2973 bp full length cDNA sequence was isolated from 
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different tissues of buffalo. Upon comparison, the c-kit sequences showed 
tissue specific nucleotide changes resulting in novel truncated peptide. These 
peptide lacked intra-cellular and/or transmembrane domains in all the tissues 
except testis. Other alternatively spliced tissue specific transcripts were also 
detected, which are the integral part of the open reading frame and have been 
reported in other mammals. Phylogenetic analysis of the sequences revealed 
unique tyrosine kinase domain in buffalo. Copy number calculation and 
expression analysis of c-kit established its single copy status and highest 
expression (137-177 folds) in testis compared to that in liver. C-/f/f expression 
was detected in semen samples although 10 times lesser compared to that in 
testis. The highest expression of c-kit in testis and the presence of mRNA 
transcript in sperms substantiate its predominant role in spermatogenesis. 
Secreted modular calcium binding protein-1 {Smoc-^) belongs to the 
BM-40 family which has been implicated with tissue remodeling, angiogenesis 
and bone mineralization. We detected the partial Smoc-^ tagged with the 
33.15 repeat loci in buffalo. We further cloned and characterized the full 
length Smoc-1 including its copy number status, in-vitro protein expression, 
tissue & age specific transcription/translation, chromosomal mapping and 
localization on to the basement membrane zone. The buffalo Smoc-^ was 
found to encode a secreted matricellular glycoprotein containing EF-hand 
calcium binding motifs homologous to that of the BM-40 family. This single 
copy gene contained 12 exons and was mapped on to the acrocentric 
chromosome 11. Though this gene was found to be evolutionarily conserved, 
the buffalo Smoc-^ showed conspicuous nucleotide/amino acid changes 
altering its secondary structure compared to that in other mammals. In silico 
analysis of the Smoc-1 proposed its glycoprotein nature with a calcium 
dependent conformation. Further we unveiled two transcript variants of this 
gene, varying in their 3' UTR lengths but both coding for identical proteins. 
S/770C-1 evinced highest expression of both the variants in liver and modest to 
negligible in other tissues. The relative expression of variant 02 was markedly 
higher compared to that of variant 01 in all the tissues examined. Moreover, 
the expression of Smoc-1, though modest during the eariy ages, was 
conspicuously enhanced after one year and remained consistently higher 
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during the entire life-span of buffalo with gradual increment in the expression 
of variant 02. Immunohistochemically, Smoc-1 was localized in the basement 
membrane zone and extracellular matrices of various tissues. These data 
added to our understanding about the tissue, age and species specific 
functions of the Smoc-1. 
Present study deals with the identification and characterization of 
several mRNA transcripts tagged with the GACA, GATA and 33.15 repeats 
with the somatic as well as spermatozoal transcriptomes establishing the 
GACA richness of genome of water buffalo, Bubalus bubalis. The uncovered 
mRNA transcripts were found to be involved in several pathways such as 
signal transduction, transcription, translation, immunological activities, and 
sex-differentiation. In addition, the sequence polymorphisms and differential 
gene expression was observed suggesting the diverse functions of these 
repeat-tagged transcripts in different cell types, ages, stages and tissues. 
Moreover, the highest expression of the GACA/GATA tagged transcripts in 
testis and/or spermatozoa indicates their crucial roles in male gametogenesis. 
The detailed isolation and characterization of the full length Smoc-^ and c-kit 
genes were also performed to gain insight into their structural and functional 
organization and expressional status. MASA mediated approach seems to be 
highly effective for isolating a large number of mRNA transcripts which harbor 
the consensus of these repeats. It can be used as a basis for contemplating 
other repeats to establish their combined conclusive significance within and 
adjacent to the coding regions. The functional studies of the transcripts so 
uncovered will resolve the enigma of such simple sequence repeats in the 
mammalian genome. 
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INTRODUCTION 
1. INTRODUCTION AND OBJECTIVES 
The eukaryotic genome contains a predominant portion (-55%) of 
different repetitive sequences and a small (2-3%) portion of mature 
transcripts (Ugarkovic, 1995; Bennett, 2000; Jasinska et ai, 2004). 
Repetitive sequences are dynamic components of tiie genome 
encompassing major satellites and simple sequence repeats (SSRs) 
comprising minisatellites and microsatellites (Cfiarlesworth et ai, 1994; 
Jeffereys e^  a/., 1998). The highly polymorphic and multi-allelic SSRs 
(Tautz, 1989) containing short tandem iterations, are potentially involved in 
genome evolution by creating and maintaining genetic variability (Bennett, 
2000; Toth e^  a/., 2000; Verstrepen et ai, 2005). Most of these SSRs are 
found in non-coding genome whereas a small fraction is retained in the 
transcriptome (Bennett, 2000; Jasinska et ai, 2004) which participate in 
gene regulation through transcription, translation, slipped strand mispairing 
or gene silencing (Rocha et ai, 2002; Li e^  a/., 2004). Repeat sequences 
are known to shrink and expand fuelling the process of copy number 
alteration (John and Ali, 1997; Nakamura et al., 1987) and have been 
associated with tumorigenesis and several other genetic anomalies 
(Epplen, 1988; Kizawa et al., 2005; Ross et al., 2005). The expansion and 
contraction of the SSRs within the protein-coding sequences is proposed 
to modulate disease risks such as Huntington's disease. Myotonic 
dystrophy and fragile X Syndrome (Sutherland and Richards, 1995; 
Richards, 2001; Borstnik and Pumpernik, 2002; Di Prospero and 
Fischbeck, 2005; Dushlaine et al., 2005). Majority of these SSRs are 
evolutionarily conserved (Robles et al., 2004; Tautz, 1989) whereas others 
remain unique to a given genome (Ali e^  al., 1999). Their evolutionary 
conservation and polymorphism within and across the 
tissues/sex/stage/species substantiates their vital regulatory roles in higher 
eukaryotes (Tautz, 1989; Ali et al., 1999; Robles et al., 2004). However, 
the distribution and significance of SSRs within the non-coding and coding 
genomes, even in the best characterized organisms including human, 
remains unclear. 
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To explore the organization and expression of such repeat-tagged 
genes, we targeted the transcriptome of water buffalo Bubalus bubalis as 
a nnodel system. Buffalo is an important animal in agriculture, dairy and 
meat industries in the Indian sub-continent as India has about half of the 
world's buffalo population. Compared to its importance, still no information 
is available yet on the genetic makeup of this important livestock animal. 
Novelty also lied in the fact that buffalo genome is unexplored in terms of 
genes present and its association with the major satellites or SSRs. 
Simple consensus repeat of 16 nucleotide long (5' 
CACCTCTCCACCTGCC 3') of 33.15 repeat loci originating from the 
human myoglobin gene have been studied in a number of species (All and 
Wallace, 1988; Jeffreys e^  a/., 1985; Weitzel et al., 1988). The repeats of 
GACA and GATA sequences were identified from the Banded krait minor 
{Bkm) satellite DNA in snakes (ZW) and found to be conserved in a 
number of species including human, with their highest frequency on the 
sex chromosomes of various eukaryotes (Epplen et al., 1982; Singh and 
Jones, 1982; Singh et al., 1980; Hobza et al., 2006). High condensation of 
these repeats in somatic cells and decondensation in germ cells during 
early ages of development with sex-/tissue-specific expression in higher 
eukaryotes supported their crucial role in sex differentiation (Singh and 
Jones, 1982; Singh et al., 1994; Subramanian et al., 2003). However, the 
distribution of such important repeats in the non-coding genomes, and 
their organization within the mRNA transcripts originating from 
somatic/gonadal tissue and spermatozoa remain largely unclear. 
Ejaculate spermatozoa are terminally differentiated cells in which 
transcription and/or translation of nuclear encoded mRNAs are unlikely. 
Therefore, until recently, the male genome was considered to be the only 
cargo carried by the spermatozoa. The discovery of many soluble 
signaling molecules, transcription factors and structures such as centriole 
being introduced by spermatozoan into the zygotic cytoplasm upon 
fertilization has changed this perception (Saunders et al., 2002; Krawetz, 
2005; Miller et al., 2005). Despite the transcriptionally dormant state, 
spermatozoa retain an entourage of transcripts, encoding transcription 
factors and proteins involved in signal transduction, cell proliferation, DNA 
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condensation, regulation of sperm motility, capacitation and acrosome 
reaction (Wykes et al., 1997; Miller, 2000; Lambard et al., 2004; Krawetz, 
2005; Miller et al., 2005; Ostermeier et al., 2005). The delivery of such 
spermatozoal transcripts to ooplasm entails their potential significance 
during fertilization, embryogenesis and morphogenesis. 
Owing to the tissue- and sex-specific organization of GACA, GATA 
and 33.15 repeats and role of spermatozoal RNA in and post syngamy, 
the transcriptome fraction tagged with these repeats in somatic/gonadal 
tissues and spermatozoa of water buffalo Bubalus bubalis using 
Minisatellite/Microsatellite Associated Sequence Amplification (MASA) was 
studied. The transcripts so uncovered were characterized in detail. 
Moreover, the detailed isolation and characterization of the candidate full 
length genes; Secreted modular calcium binding protein-1 {Smoc-^) and 
Protooncogene c-kit receptor (c-kit) were also performed from buffalo 
Bubalus bubalis. The characterization included domain organization, copy 
number status, in silico structural and functional analysis, in-vitro protein 
expression & purification, tissue & age specific transcription/translation 
and localization of the same onto the metaphase chromosomes & 
basement membrane zone. Smoc-^ belongs to the BM-40 family which 
has been implicated with tissue remodeling, angiogenesis and bone 
mineralization whereas c-kit is implicated with spermatogenesis, 
melanogenesis and hematopoeisis. Besides their anticipated roles in such 
important pathways, Smoc-1 and c-kit has been characterized only in a 
few mammalian species. We took advantage of their association with the 
repeats to characterize these genes. However, the brief objectives of 
present thesis included: 
1. In silico analysis to explore the distribution of GACA, GATA and 33.15 
repeats within the non-coding and coding genomes across the species. 
2. Identification and cloning of the satellite tagged transcripts using 
different consensus repeat motifs and random primers following MASA 
with the cDNA from somatic tissues, gonads and spermatozoa in water 
buffalo Bubalus bubalis. 
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3. Sequencing and computational analysis of the MASA uncovered 
sequences to assess their homology status across the species, 
evolutionary studies and sequence organization in different tissues, if 
any. 
4. Assessment of germline modulation of the MASA uncovered mRNA 
transcripts. 
5. Tissue and stage specific expression for individual MASA uncovered 
genes/gene fragments using RNA slot blot hybridization, RT-PCR and 
Real Time PCR analysis. 
6. Copy number calculation of all the MASA entrapped genes using 
SYBR green assays and Real Time PCR, and Chromosomal 
localization of candidate genes using Fluorescence in Situ 
Hybridization (FISH). 
7. isolation and detailed characterization of candidate genes and their in 
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2. REVIEW OF LITERATURE 
2.1 Bubalus bubalis: An important livestock species 
The family Bovidae, Sub-order-Ruminantia, Order-Artiodactyla, 
Sub-class-Ungulata, Class-Mammalia includes four different group of 
livestock animals- bovines (cattle), bubaline (buffalo), caprines (goat) and 
ovines (sheep). Of these, buffalo (Bubalus) is the indigenous breed 
important for its contributions in dairy, meat and agricultural industries. The 
world's buffalo population has been classified into two groups- the African 
buffalo Syncerus and the Asian buffalo Bubalus. Detailed information on 
the origin and precise period of domestication of the buffalo is bewildered 
in antiquity. However, buffalo has been dbmesticated in the Indian 
subcontinent around 5000 years ago whereas the domestication of swamp 
buffaloes took place independently in China about 1000 years later. India 
has about half of the buffalo population which is mostly of the riverine type 
having 50 chromosomes. The buffaloes of South East Asia and China are 
of the swamp type having 48 chromosomes. 
The riverine buffaloes constitute about 65% of the total world 
buffalo population which account for 92% of the total milk and 13.9% of the 
meat produced every year. Riverine buffaloes, though fewer in number 
than cattle contribute more than 60% of the milk required for the human 
consumption. Inspite of being an indigenous breed as well as the most 
important live stock in our country, the management and breeding 
practices of this species have remained fallible/ unexplored for years. No 
systematic attempts have been made for the genetic improvement of this 
neglected animal species. In the past, selection criteria for buffaloes 
breeding have been based on phenotypic observations, blood groups, 
biochemical polymorphisms and mitochondrial DNA polymorphisms. There 
exists a need to upgrade the poor-yielding/non-descript buffaloes with 
germplasm from the superior breeds. Selection of superior germplasm 
from improved breeds for milk and meat production needs to be performed 
using progeny testing. The potential of this elite species needs to be 
explored in depth since India has dominated the world trade in export of 
this exotic species in the last decade. To improve this important animal, 
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the buffalo genome has to be explored in terms of genes present therein 
and their association with the regulatory elements such as repetitive DNA 
sequences. 
2.2 Repetitive Sequences 
Eukaryotic genomes are very complex and dynamic entities 
containing much more DNA than needed for encoding proteins, different 
RNAs and regulatory elements (Figure 1). Repetitive sequences form this 
large fraction (-50%) of the genomes that can count for this extra DNA. 
These repetitive elements interact with whole genome either to influence 
its evolution or to interact with nearby genes in several manners. However, 
based on the primary organization, the repetitive sequences can be 
classified as interspersed and tandem repeated DNA (Charlesworth et al., 
1994). The first class consists of sequences scattered throughout the 
genome, also known as transposable elements (or mobile genetic 
elements) because of their ability of 'jumping' to different genomic 
locations (transposition). These interspersed repeats have been further 
divided into two categories; retero-transposons and transposons, 
according to their mechanism of transposition, which has been studied in 
detail in the mammalian genomes (Capy et al., 1997). These elements 
may silence a gene by interrupting its coding or regulatory sequences, and 
are thought to be responsible for gene (or exon) shuffling and duplication 
(Ogata e^  a/., 2000). The regulatory sequences carrying these elements 
can also override the normal expression pattern of the gene, provoking the 
alterations in expression level, timing and/or tissue specificity (McDonald, 
1995, Tinged a/., 1992). 
The second major type of repetitive DNA, tandemly repeated DNA, 
here discussed in detail has long presented a genomic puzzle: they are 
ubiquitous, yet conserved in neither content nor occurrence. These 
sequences are virtually present in higher copy number than the 
transposable elements. Tandemly repetitive sequences can be broadly 
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2.2.1 Satellites 
These sequences are highly repetitive, organized in long repeats 
(lengths of one to several thousand base pairs), usually megabase-sized 
arrays representing a large portion of the genome, and are located in 
regions of pericentromeric and/or telomeric heterochromatin (Charlesworth 
et al., 1994). Satellite DMAs (st DNA) are more abundant in eukaryotes 
and less common in prokaryotes. However, they account for the majority 
of genomic DNA in some species such as kangaroo, rat and beetles from 
the coleopteran family Tenebrionidae (Petitpierre et al., 1995). Satellite 
DNA has the unusual property of being highly unstable, therefore, is 
unique to a species. There also exist various types of internal sequence 
organizations within the repeats. In humans, apart from st DNAs I, II, III, 
IV, A, B, C, the alphoid st DNAs are also described. Basic repeat units of 
st DNAs usually have distinct complex sequences, such as the 171-bp-
long monomer of the human a-satellite, which represents a main structural 
element of centromeric and pericentromeric regions (Schueler et al., 
2001). The most abundant mouse pericentromeric y- satellite also belongs 
to this group as it is composed of 234-bp monomers of specific sequence 
(Rudert et al., 1995). However, other satellites are composed of short 
simple repeats, such as human satellite III with a 5 bp-long monomer, as 
well as many of the Drosophila satellites (Borstnik et al., 1994). 
Several type of st DNAs are subjected to the influence of gene 
conversion and unequal crossing over. These recombinational 
mechanisms are responsible for the rapid horizontal spread of mutations 
among monomers in a genome. These mutations are subsequently fixed 
in reproductive populations through the stochastic process of molecular 
drive (Dover, 1986). Copy number change and loss of the st DNAs from 
the genome are also the result of this unequal crossing over. The outcome 
of the recombinational mechanisms and molecular drive is a high turnover 
of this part of the eukaryotic genome. Therefore, st DNAs show significant 
rearrangements and sequence divergence as well as changes in copy 
number, even between closely related species (Ugarkovic and Plohl, 
2002). In some cases, changes in satellite DNA profiles can be correlated 
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with the chromosomal evolution and could possibly influence the evolution 
of species. 
2.2.1.1 Satellites in the non-coding regions of the genome 
Earlier studies denied any function for these abundant genomic 
components, proclaiming them to be 'junk' or 'detritus'. Later, these 
satellite DMAs were found to be associated with the complex 
organizational features such as heterochromatic genome compartments 
important for proper chromosomal behavior in mitosis and meiosis (e.g. 
sister chromatid pairing and chromosome association) (Csink and 
Henikoff, 1998). Despite their structural divergence and general lack of 
sequence conservation across species, st DNAs were found to be major 
centromere-building element as has been shown in detail in Drosophila 
melanogaster (Sun et al., 1997) and in humans (Schueler et al., 2001). 
Recent studies unveiled that these sequences are associated strongly with 
several proteins to form unique centromeric heterochromatin and 
participate in centromeric condensation (Henikoff and Dalai, 2005). 
Satellite DNAs are not, however, a prerequisite for centromere 
establishment and are instead proposed to drive the adaptive evolution of 
specific centromeric histones (Cooper and Henikoff, 2004). Recent data 
indicate that the evolution of satellite DNA sequences is not only driven by 
molecular drive, but also influenced by selective constraints (Hall et al., 
2003; Mravinac et al., 2005). Selective constraints on satellite sequence 
are probably related to their interaction with specific proteins necessary for 
heterochromatin formation and regulation of gene expression. 
2.2.1.2 Satellite DNA transcripts and their implications 
Satellites were initially thought to be of non-coding nature, which 
participate only in genome organization. Recently, the transcripts of st 
DNAs have been reported in several organisms including vertebrates, 
invertebrates and plants. In most species, st DNAs are temporally 
transcribed at particular developmental stages or are differentially 
expressed in some cell types, tissues or organs. Transcription from st DNA 
has been detected during embryogenesis in the newts Triturus cristatus 
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carnifex (Varley et al., 1980) and Notophthalmus viridescens (Diaz et al., 
1981). Transcripts of an a-like satellite repeat detected during early 
embryogenesis in chick and zebrafish were limited to the cardiac neural 
crest, the head and the heart (Li and Kirby, 2003). Two types of transcripts 
were identified; one that corresponds to a-repeat RNA and another group 
of mRNAs that contain an a-like satellite sequence in the 5' and 3' 
untranslated regions. Mouse y-satellite DNA is differentially expressed 
during development of the central nervous system, as well as in the adult 
liver and testis (Rudert et al., 1995). Most satellite transcripts are present 
as polyadenylated RNA in the cytoplasm but some are found exclusively in 
the nucleus, such as those associated with the Y chromosome of D. 
melanogaster and D. hydei (Trapitz et al., 1988; Bonaccorsi et al., 1990). 
The developmental, stage- and tissue-specific expression of st DMAs in 
several species suggests their regulatory roles, although for most 
transcripts this role is still elusive and hypothetical. Taking into account the 
extreme sequence diversity of st DMAs and their transcripts, several 
sequence-specific regulatory signals might reside within them as 
described in the figure 2. Targets of these signals could be other RNAs, 
DNA or proteins. Long, single-stranded polyadenylated transcripts of 
satellite III are involved directly in the recruitment of splicing factors to 
nuclear stress granules (Metz et al., 2004; Chiodi e^  al., 2004). In addition, 
transcripts of st DNAs in the form of small interfering RNAs (siRNA) are 
thought to participate in the epigenetic process of chromatin remodulation 
and heterochromatin formation (Voipe et al., 2002; Verdel etal., 2004). 
2.2.2 Simple Sequence Repeats (SSRs) 
The SSRs can be found in both coding as well as non-coding 
genomes of prokaryotes and eukaryotes, and are present even in the 
small bacterial genomes (Toth et al., 2000). SSRs also called as 
'minisatellites' and 'microsatellites' are mutation-prone DNA tracts 
composed of tandem iterations of relatively short motifs than satellites. 
Minisatellites are moderately repetitive, tandemly repeated arrays of the 
moderately-sized (9 to 100 bp, but usually -15 bp) repeats, generally 










•< — siRNA 
fargetlrg Oene 













Figure 2. Schematic representation of a satellite monomer and the processes 
in which satellite DMAs are involved. Common functional elements such as 
penodically distributed AT tracts, centromere protein B (CENP-B) box and a 
promoter are indicated. A super-helical structure induced by DNA curvature, 
together with chromatin proteins such as CENP-B, could contribute to 
heterochromatin formation. Transcription of satellite DMAs proceeds either in 
the form of double-stranded RNA (dsRNA) or single-stranded RNA (ssRNA). 
dsRNA is processed into small interfering RNAs (siRNAs) that participate in 
heterochromatin formation and control expression of sequences tagged with 
complementary repeats. Single-stranded transcripts with hammerhead-like 
secondary structure have self-cleavage activity and function as ribozymes. 
Some ssRNAs, such as human satellite III stress-induced transcripts, 
specifically recruit splicing factors to nuclear stress granules and regulate 
splicing. 
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involving mean array lengths of 0.5 to 30 kb, whereas Microsatellites are 
moderately repetitive, and composed of arrays of short (2-6 bp) repeats. 
The human genome contains at least 100,000 microsatellite loci located in 
the euchromatin (Kashi and King, 2006). SSRs have been developed into 
one of the most popular classes of genetic markers owing to their high 
reproducibility, multi-allelic nature, co-dominant mode of inheritance, 
abundance and wide genome coverage (Schlotterer, 2004). Despite their 
ubiquitous occurrence, microsatellite density and distribution vary 
markedly across the genomes (Dieringer and Schlotterer, 2003). Because 
of the high mutability, SSRs are thought to play a significant role in 
genome evolution by maintaining and creating quantitative genetic 
variation. This genetic variation occurs primarily by slipped-strand 
mispairing and subsequent error(s) during DNA replication, repair or 
recombination (Levinson and Gutman, 1987), creating repeated tandem 
arrays called as variable number of tandem repeats (VNTRs). 
2.2.2.1 Evolution of SSRs 
The wide distribution of SSRs is a result of the dynamics and 
selective constraints of the human genome (Morgante et at., 2002). The 
SSR abundance, various functions and effects (either putative or reliably 
established) are associated with their mutation rate. Although the mutation 
process seems to display distinct differences among species, repeat 
types, loci and alleles, age and sex (Brock et al., 1999; Hancock, 1996; 
Ellegren, 2004; Schlotterer, 2004), the instability is predominantly 
manifested as changes in the number of SSR repeats. The repeat 
expansion/shrinkage processes also lead to the increase of biological 
complexity, which is considered to be the hallmark of biological evolution. 
Two mutational mechanisms can be invoked to explain such high rates of 
mutation. The first involves slippage during DNA replication called as 'DNA 
slippage' or 'slipped strand mispairing' (Tachida and lizuka, 1992) and 
second involves recombination between DNA strands (Harding et al., 
1992). The efficiencies of the two mechanisms may putatively depend on 
the environmental conditions. Various factors are known to affect the rate 
of mutations at SSR loci including repeated motif, allele size, chromosome 
10 
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position, GC content in flanking DNA, cell division (mitotic vs. meiotic), 
sex, and genotype (e.g. mutations at MMR genes). In a variety of widely 
diverged eukaryotes, including S. cerevisiae, S. pombe, C. elegans, 
Drosophila, plants, primates, and Mus, both coding and noncoding triplet 
SSRs are subjected to similar rates of repeat expansion (Metzgar et ai, 
2000). SSR evolution in coding genes and regulatory regions should share 
mutational processes similar to those of the SSRs in untranscribed 
regions. 
2.2.2.2 Characteristics of SSRs 
The main characteristics of the simple repeats have been described 
below: 
• SSRs are extremely variable 
Mutation size can vary from single base pairs at mononucleotide 
repeats up to multiples of much longer motifs in minisatellite repeats. 
SSR mutation rate is affected by motif length, motif sequence, number 
of repeats and purity of repetition (Armour et a/., 1999; Chambers and 
MacAvoy, 2000; Vergnaud and Denoeud, 2000; Ellegren, 2004). Point 
mutations can degrade repeat purity and stabilize an SSR; whereas 
active mutational slippage tends to eliminate imperfect repeats. 
Therefore, SSRs represent sites where selection can indirectly shape 
the site specific mutation rates at which new alleles arise. 
• Most SSRs are polymorphic 
In the human genome for example, the proportion of AC repeats 
that are polymorphic is estimated to exceed 90% (Rockman and Wray, 
2002). SSR polymorphism is known as the basis for DNA 
fingerprinting, lineage analysis and gene mapping. Normal variation in 
repeat number can be functionally significant. The number of repeats at 
particular SSR loci can influence several aspects of genetic function 
(Kashi and King, 2006); although small allelic differences in repeat 
11 
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number commonly exert small quantitative phenotypic effects (many 
alleles can be effectively neutral). 
They are ubiquitous and diverse 
SSRs based on many different motifs are found in genomes of all 
species examined. They are abundant in various functional domains, 
both coding and non-coding. They occur within many open reading 
frames, but are even more frequent in non-coding regulatory regions 
(Rockman and Wray, 2002). Many genes are associated with more 
than one SSR; those containing at least one coding SSR often contain 
two or more (Karlin at al., 2002; Kashi and King, 2006; Toth et al., 
2000) conducted a detailed analysis of SSRs in several eukaryotic 
taxa, from fungi to humans, and revealed highly taxon-specific patterns 
in the distribution of different repeat types (from mono- upto 
hexanucleotides) for different motifs in the coding and non-coding 
sequences, introns and intergenic regions. This specificity can partly be 
explained by interaction of mutation mechanisms and differential 
selection. 
The accumulated empirical evidence seems to indicate that SSRs 
are more abundant and longer in vertebrates than in invertebrates. 
Among vertebrates, longer SSR tracts are observed in cold-blooded 
species (Chambers and MacAvoy, 2000). It is interesting that among 
the texa compared by Toth et al., 2000, maximum abundance of SSRs 
was displayed by rodents and the minimum by C. elegans. 
2.2.2.3 Distribution of SSRs in the coding and non-coding genomes 
The frequency of distribution of the SSRs with different motifs varies 
by functional domain, with triplet motifs much more common within coding 
regions (Toth et al., 2000; Katti et al., 2001; Morgante et al., 2002; 
Ellegren, 2004). All types of other SSRs (from mono to hexanucleotide 
repeats) were found in excess in non-coding regions across seven 
eukaryotic clades: Saccharomyces cerevisiae, Caenorhabditis elegans, 
12 
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Schizosaccharomyces pombe, Mus musculus, Drosophila, plants, and 
primates (Metzgar et al., 2000). Morgante et al., 2002 reported that all 
SSR types except triplets and hexanucleotldes are significantly less 
frequent in the 25,762 predicted protein-coding sequences compared with 
the non-coding fraction in six plant species including Arabidopsis, rice, 
soybean, maize, and wheat {Triticum aestivum). In the genome of 
Japanese pufferfish, Fugu rubripes, only 11.6% of 6042 SSRs were 
detected in the protein-coding regions (Edwards et al., 1998). This is 
attributable to negative selection against frameshift mutations in coding 
regions (Metzgar etal., 2000). Previously, a similar distribution pattern was 
found for triplet SSRs in coding and non-coding genomes of fungi, protists, 
prokaryotes, viruses, and humans (Field and Wills, 1998; Wren et al., 
2000). However, the disease-associated triplet repeats are mostly found in 
coding regions of the human genome (Nadir et al., 1996). Likewise, 
Morgante et al., 2002 recently found that triplet SSRs doubled in frequency 
in the coding region of the above-mentioned six plant species, as a result 
of mutation pressure and possibly positive selection for specific single 
amino acid stretches. In contrast to the triplet SSRs, di-and tetranucleotide 
o are much less frequent in coding than in the noncoding regions. For 
example, dinucleotide repeats are about 20 times less frequent in the 
expressed sequences than in random genomic clones of Norway spruce, 
Picea abies (Scotti e^  al., 2000). In eight prokaryotes and yeast, long 
mono- and di-tracts are almost exclusively distributed in non-translated 
regions (Field and Wills, 1998). Different species have different motif 
distributions frequency. The majority of SSRs (48-67%) found in many 
species are dinucleotides (Wang etal., 1994; Schug etal., 1998) for e.g. in 
human, Caenorhabditis elegans and Arabidopsis thaliana genomes are 
ACn, AGn and ATn, respectively (Toth et al., 2000; Katti et al., 2001). In 
contrast, the primate mononucleotides (mainly, poly(A/T) tracts) are the 
most copious classes of SSRs (Toth et al., 2000; Wren et al., 2000). 
The differences between coding and non-coding SSR frequencies 
arise from specific selection against frame-shift mutations in coding 
regions resulting from length changes in nontriplet repeats (Liu et al., 
1999; Dokholyan et al., 2000). Nevertheless, 14% of all proteins contain 
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repeated sequences, with a three times higher abundance in eukaryotes 
compared to prokaryotes (Marcotte et al., 1999). Prokaryotic and 
eukaryotic repeat families are clustered to non-homologous proteins. This 
may indicate that repeated sequences have emerged after these two 
kingdoms split. The eukaryotes incorporating more repeats may have an 
evolutionary advantage of faster adaptation to new environments 
(Marcotte e^  al., 1999; Kashi et al., 1997; King and Seller, 1999; Wren et 
a!., 2000). 
2.2.2.4 Putative functions and effects of SSRs in genome 
2.2.2.4.1 In the Non-coding Genome 
Although SSRs were usually considered just as evolutionary neutral 
DNA markers, the functional significance of a substantial part of SSRs has 
been proven by critical tests in various biological phenomena, as shown in 
the figure 3. 
2.2.2.4.1.1. Chromatin organization 
• Chromosomal organization 
Some aspects of SSR distribution point to their possible role in 
taxon-specific chromosome structure. For instance, SSR hybridization 
signals were found in related chromosome positions independently of 
the motif used, and showed remarkably similar distribution patterns in 
wheat and rye, suggesting a special role of SSRs in chromosome 
organization (Cuadrado and Schwarzacher, 1998). 
• DNA structure and packaging 
SSRs are capable of forming a wide variety of unusual DNA 
structures with simple and complex loop-folding patterns. For example, 
the hairpin formed by the fragile X repeat (CCG)n, and the bipartite 
triplex formed by (GAA)/i /{TTC)n, show simple loop folding. Such 
triplex structures may have important regulatory effects on gene 
expression (Fabregat e^  al., 2001). The human centromeric repeat 














RecomblDation MMR system 
Cell cycle 
Figure 3. The functions and effects of the Simple Sequence Repeats (SSRs) in 
the non-coding regions of the genome. Major functions included chromatin 
organization, regulation of DNA metabolic processes and gene activity 
regulation. The sub-branches of these functions has been demonstrated in the 
figure. 
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al., 1999). The formation of such stable structures offers a mechanism 
of unwinding which Is advantageous during transcription, and provides 
unique protein recognition motifs (Catasti et al., 1999). In many 
species, dimeric SSR relative abundance may also reflect duplex 
curvature, supercoiling, and other higher-order DNA structural features 
(Baldi and Basnee, 2000). 
• Centromere and telomere 
In many species, the chromosomal centromeric region is composed 
of numerous tandem repeats, which affect the centromere 
organization. Long SSRs with mono-, di-, tri- and tetranucleotlde motifs 
are highly clustered in the centromeric regions of tomato 
(Areshchenkova and Ganal, 1999), Arabidopsis (Brandes et al., 1997), 
and Beta vulgaris (Schmidt and Heslop-Harrlson, 1996). In Drosophila 
minlchromosomes, the centromere flanking DNA predominantly 
contains highly repetitive sequences, and the number of repeats 
required for normal transmission differs among cell division types and 
between the sexes (Murphy and Karpen, 1995). The centromere 
flanking repeated DNA may assist in sister chromatid cohesion and 
kinetochore formation. 
2.2.2.4.1.2. Regulation of DNA metabolic processes 
• Recombination 
Numerous SSRs have been proposed as hot spots for 
recombination (Jeffreys et al., 1998; Templeton et al., 2000). Support 
for this idea was provided by experiments with simian virus 40 (Wahls 
and Moore, 1990a), yeast (Treco and Arnheim, 1986), human (Aharoni 
e^  al., 1993; Majewski and Ott 2000; Templeton et al., 2000), and 
mammalian cells (Wahls and Moore, 1990b). Dinudeotlde repeat 
sequences are preferential sites for recombination because of their 
high affinity for recombination enzymes (Biet et al., 1999). Some SSRs 
may influence recombination directly by their effects on DNA structure. 
It has been proposed that GT, CA, CT, GA, GC, or AT repeat-binding 
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proteins could participate in recombination processes by inducing Z-
conformation or other alternative secondary DNA structures (Biet et al., 
1999). The repeat number is also known to influence the recombination 
process (Dutreix, 1997). 
• DAM replication and celi cycle 
Few studies suggest the effects of SSRs on DNA replication (Field 
and Wills, 1996). In rat cells, DNA amplification is arrested within a 
specific fragment, consisting of a d(GA)27,d(TC)27 tract. This tract is 
found at the end of an amplicon, and in conjunction with the inverted 
repeat, may serve as an arrest site for DNA replication in vivo. SSR 
can also affect enzymes controlling cell cycles. For instance, the 
human CHK1 gene has a role in controlling cell cycle progression, and 
its coding region contains an (A)9 tract (Codegoni e^  a/., 1999) that is a 
potential site of mutations in tumors with SSR instability (Bertoni et al., 
1999). Alterations in the CHK1 gene in human colon and endometrial 
cancers were associated with the presence of a high degree of poly(A) 
tract instability leading to the truncated protein. Alterations of the CHK1 
gene could represent an alternative way for cancer cells to escape 
from cell cycle control (Bertoni et al., 1999). Some genes controlling 
the cell cycle, such as hMSH3, hMSH6, BAX, IGFIIR, TGFbetallR, 
E2F4 and BRCA2, carry short repeated sequences, important in cell 
fidelity and growth control. SSR instability affects these genes by both 
insertions and deletions of repeat units (Johannsdottir et al., 2000). 
• SSRs in the eukaryotic DNA as modulators of evolutionary mutation 
rate 
DNA mismatch repeair (MMR) proteins correct replication errors 
and actively inhibit recombination between diverged sequences 
(Kolodner and Marsischky, 1999), thus controlling mutation rates and 
evolutionary adaptations. It is found that the constellation of (A)n SSRs 
in the coding regions of the minor MMR genes {MSH3, MSH6, PMS2 
and MLH3) is a general feature among different eukaryotes and 
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prokaryotes. SSRs are exceptionally vulnerable to spontaneous 
insertion or deletion mutations, and the nontriplet SSRs, when located 
in coding sequences, are expected to introduce frameshift loss of 
function mutations at high frequency (Moxon e^  a/., 1994). Chang et al., 
2001 hypothesized that the exceptional density of SSRs in the minor 
MMR genes represents a genetic switch that allows the adaptive 
mutation rate to be modulated over evolutionary time. 
2.2.2.4.1.3. Regulation of gene activity 
• SSRs and transcription 
Evidences show that SSRs located in promoter regions may affect 
gene activity. The (TC)n tract in promoter regions serve as a 
transcriptional element for heat-shock protein gene Iisp26 in 
Drosoptiila (Sandaltzopoulos et al., 1995). Deletions of various di, tri 
and tetra-SSR tracts markedly change transcriptional activity (Hoffman 
e^  a/., 1990). SSRs in intronic regions can also affect gene transcription 
(Meloni et al., 1998). Transcription activity of the epidermal growth 
factor receptor gene declines with increasing numbers of (CA)n repeats 
(Gebhardt et al., 1999; 2000). It is noteworthy that triplet SSRs may be 
preferentially located in regulatory genes related to transcription and 
signal transduction, and remains under-represented in genes for 
structural proteins (Young ef al., 2000), suggesting effects of an SSR 
on gene transcription. 
• Implication of repeat number variation on gene expression 
SSR numbers appears to be a key factor for the regulating the 
mechanism and level of gene expression. Some genes can only be 
expressed at a specific repeat number of SSRs (Liu et al., 2000). 
Others can be expressed within a narrow range of SSR numbers, and 
out of this range, gene activity would be turned off. In a CAT reporter 
system carrying an androgen response element with human CAG 
repeats in the presence of dihydrotestosterone, expansion mutations 
showed a progressive decrease in transcriptional transactivation with 
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increasing CAG repeat length (Chamberlain et al., 1994). In contrast, 
some genes' transcriptional levels increase with the SSR numbers 
(Okladnova et al., 1998). The experiments with various organisms, 
indicates the importance of SSR numbers for SSR-related regulation of 
gene expression. 
• Protein binding and Translation 
Some SSRs, found in upstream activation sequences, serve as 
binding sites for a variety of regulatory proteins (Csink and Henikoff, 
1998). For example, single-stranded poly(GA)- and poly(GT)-binding 
proteins have been identified in human fibroblasts (Aharoni et al., 
1993). SSR repeat number may also affect protein binding (Winter and 
Varshavsky, 1989). 
Many studies showed the effect of SSRs on gene translation. For 
instance, a moderate size expansion of CGG tract can markedly 
reduce translation of CiATgene (Sandberg and Schalling, 1997). The 
distribution of AGCT tetranucleotides in the E. coli and Bacillus subtilis 
genomes predicts translational frameshift and ribosomal hopping in 
several genes (Henaut et al., 1998). Also, CAT reporter gene has 
proven a strong inhibitory effect of AGG triplet repeats on translation in 
E. coli (Ivanov et al., 1992). 
2.2.2.4.2 In the Coding Genome 
Some of the SSRs are retained within transcripts from their "birth' in the 
nucleus to their 'death' in cytoplasm. Few reports are there only to 
speculate the potential functions of these repeats in coding genome being 
involved in many steps of regulation which can be broadly categorized as: 
• RNA shape and regulation 
Many cellular transcripts form a multitude of various hairpins, and 
few of them are composed of triplet repeats. Jasinska and group have 
investigated 20 transcripts composed of triplet repeat motifs containing 
17 iterations, were found to form hairpin structures. Among them, CNG 
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repeats were most abundant in transcripts (Toth et ai, 2000). The 
characteristic feature of CNG repeat hairpins is that their structure 
rigidity increases with repeat length (Cohen e^  a/., 2004). However, the 
repeated sequences may be hidden or exposed in these transcript 
structures for interactions with RNA binding proteins for e.g. hairpin 
folds of RNA transcribed from CTG repeats in 3' UTR of myotonic 
dystrophy protein kinase gene bind to and activate the protein kinase 
(Tian et ai, 2000). A variable TG repeat in the cystic fibrosis 
transmembrane conductance regulator gene (CFTR) alters the 
efficiency of exon splicing (Hefferon, 2004). 
• SSf? Variation, Gene Expression and Patliogenesis in Prol<aryotes 
The presence of SSRs in prokaryotes is rare, but the few reports 
are related to pathogenic organisms and the variation in their repeat 
numbers can cause phenotypic changes (van Belkum et al., 1998). 
These SSR motifs were reminiscent of the presence of repetitive 
elements consisting of uptake signal sequences, intergenic dyad 
sequences, and multiple tetranucleotide iteration (Karlin et al., 1997). 
Haemojphilus influenzae (Hi), an obligate upper respiratory tract 
pathogen, uses phase variation (PV) to adapt to host environment 
changes. Switching occurs by slippage of SSR repeats within genes 
coding for virulence molecules (Hood et al., 1996). Moreover, variation 
in the opacity surface proteins (Opa) in the coding repeat sequence 
causes the shifting of the translational reading frame (Murphy et al. 
1989). SSR variations enable bacteria to respond to diverse 
environmental factors, and many of them are clearly related to bacterial 
pathogenesis and virulence. 
• Effects of SSR on Gene Expression or Gene Silencing 
Gene expression is crucial for maintenance of differentiated cell 
types in multicellular organisms, whereas aberrant silencing can lead to 
disease. SSR elements in the 5'-UTRs are required for some gene 
expression. For instance, the human calmodulin-1 gene (hCALMI) 
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contains a stable (CAG)7 repeat in its 5'-UTR (Toutenhoofd et al., 
1998). Experiments have demonstrated that deleting this repeat 
decreases the gene expression by 45%, whereas repeat expansions to 
20 and 45 repeats, or the insertion of a scrambled (C, A, G)7 sequence 
did not alter gene expression (Toutenhoofd et al., 1998). SSRs in 3' 
UTR and introns of few genes has been reported to silence the gene 
function e.g. short GAA or CTG repeat expansions in 3'-UTR of DM1 
and the intron of FRDA gene mediate heterochromatin-protein-1-
sensitive variegated gene silencing (Saveliev etal., 2003). 
• Transcriptional slippage and Translational Control 
Transcription of a CAG/CTG triplet repeats in 3'-UTR of a URA3 
reporter gene in yeast leads to transcription of mRNA several kilobases 
longer than the expected size. These large mRNA molecules are 
formed by transcription slippage (Fabre e^  al., 2002), a phenomenon 
reported to be usually stimulated by short mononucleotide and 
dinucleotide repeats (Davis et al., 1997). CAG/CTG repeats form 
secondary structures in vitro (Gacy et al., 1995) and stable in vivo 
secondary structures formed are important for transcription slippage. 
SSRs in 5'-UTRs serve as protein binding sites, thereby regulating 
gene translation, protein component and function. For instance, the 
transcription factor CCAAT/enhancer binding protein b (C/EBPb) plays 
a significant role in the regulation of hepatocyte growth and 
differentiation. Different RNA binding domains of a CUG repeat binding 
protein (CUGBP1) bind to both the CUG and CCG repeats on this 
gene. The binding of CUGBP1 to the 5' region of C/EBPb mRNA 
results in generation of low molecular weight C/EBPb isoforms. It is 
possible that this interaction may stabilize a structure that favors 
translational initiation at downstream AUG codons (Timchenko et al., 
1999). 
2.2.2.5 SSRs and diseases linkage 
Repeat variation within genes should be very critical for normal 
gene activity because the SSR expansion or contraction directly affects 
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the corresponding gene products and even causes phenotypic changes. In 
eukaryotes, repeat instability has been studied as an important and unique 
form of mutation that is linked to more than 40 neurological, 
neurodegenerative and neuromuscular disorders. Human repeat 
expansion diseases are predominantly caused by instability and expansion 
of triplet motifs within or near genes (Cummings and Zoghbi, 2000). Of the 
40 SSR related disorders, 16 are known to be caused by expansions of 
trinucleotide repeats (CUG)n, (CGG)n, (CCG)n, (GAA)n and (CAG)n in 
single genes and the largest class of these diseases results from CAG 
repeats, translated into extended (Gln)n tracts within the corresponding 
proteins. However, the dominant repeat-associated disorders include 
Huntington disease (HD), dentatorubro-pallidoluysian atrophy (DRPLA), 
myotonic dystrophy types 1 and 2 (DM1 and DM2), fragile X syndrome 
(FRAXA), spinal bulbar muscular atrophy (SBMA), Friedreich's ataxia 
(FRDA), a series of spinocerebellar ataxias (SCA1-3, 6, 7, 8, 10, 12 and 
17), epilepsy, progressive myoclonic 1 (EPM1), insulin (INS) and 
facioscapulohumeral muscular dystrophy 1A (FSHMD1A). 
2.3 Minisatellite/Microsatellite Associated Sequence Amplification 
(MASA) approach 
MASA, an advanced form of Random Amplified Polymorphic DNA 
fragment (RAPD) or Arbitrarily Primed Polymerase Chain Reaction (AP-
PCR), employs the random primers to amplify the random segments of 
genomic DNA or transcripts to reveal identification of repeat tagged 
genome and polymorphisms present therein. However, RAPD uses the 
primer sequences which are confined to a single or limited number of 
genomes, whereas MASA utilizes the evolutionary conserved sequences 
represented by minisatellites or microsatellites (Williams et al., 1990). 
These sequences have been implicated with high rate of recombinational 
activities leading to sequence polymorphism in the genome. MASA has 
been used to assess species-specific band profile in Rhinoceros unicornis 
(AN et a/., 1999; Kapur e^  al., 2003) and male specific band pattern in the 
humans (Bashamboo and All, 2001) using these hypervariable 
evolutionary repeats. Thus, amplicons generated by MASA with 
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evolutionarily conserved primer(s) or sequences shared by nnany species 
are particularly useful for clad identification in controversial systematics, 
comparative genome analysis, and for establishing the phylogenetic status 
of an organism in addition to wildlife conservation biology and forensic 
medicine. 
The evolutionary conserved repeats used in the present study were 
the consensus of 33.15 repeat loci, and simple repeats of GACA and 
GATA sequences. The 16 bp nucleotide hypervariable repeat of 33.15 
sequence was originated from human myoglobin gene (Chromosomal 
position: 7q35-36) (Jeffereys e^  a/., 1985) whereas quadruplet (GACA)n 
and (GATA)n repeats first observed in the banded krait minor (Bkm) 
satellite DNA of female snakes, Bungarus fasciatus (Singh et al., 1980) 
and Elaphe radiata (Epplen et al., 1982). The 33.15 repeat reported from a 
number of species has been extensively used for genome polymorphism 
due to its hypervariable nature (All and Wallace, 1988; Jeffereys et al., 
1985). This repeat has also been shown to associate with heterochromatic 
sequences of the human Y chromosome (Bashamboo and Ali, 2001). 
Other two simple repeats of GACA/GATA were found to be arranged in a 
sex-specific manner in mouse, fish, reptile and avian genomes but in a 
non-sex manner specifically in other eukaryotes including the humans 
(Singh etal., 1980; Epplen etal. 1982; Hobza etal., 2006). These repeats 
also showed sex- and tissue- specific expression in higher eukaryotes 
supporting their crucial role in sex-differentiation (Singh and Jones, 1982; 
Subramanian et al., 2003). Though the amount and organization of these 
vary considerably, but they seem to be present in almost all the 
eukaryotes studied. All of these sequences have been used to for DNA 
fingerprinting or directly as hybridization probes but have not been used as 
primers to amplify the genes or transcripts in context of genome 
identification. 
Recent profound analysis of the animal genomes has inspired 
interests in methods for molecular characterization of DNA and mRNA 
transcripts. Several complementary avenues for the study of mammalian 
genomes are currently being considered. Some strategies are directed 
towards creating high-resolution linkage maps of representative genomes. 
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whereas others emphasize the development of coding maps of cloned 
sequences. We have focused on one aspect of these strategies for 
genome analysis, i.e. the assessment of organizational status of the 
buffalo genome and transcriptome using these simple sequence repeats. 
Present study is an attempt to generate information on the distribution 
pattern of tandem repeats among transcripts originating from different 
tissues and spermatozoa and assess their possible role in the gene 
regulation, besides characterization of these genes with respect to their 






3. MATERIALS AND METHODS 
3.1 Sample collection and genomic DNA isolation 
Peripheral blood and tissue samples from both the sexes of water 
buffalo {Bubalis bubalis) were collected with the help of veterinarians on 
duty from local slaughter house, Delhi following strictly the guidelines of 
Institutional Ethical and Bio-safety Committee. Fresh ejaculates from the 
buffaloes were collected from the local dairy farm. Genomic DNA was 
isolated from blood and semen samples using phenol: chloroform: 
Isoamyl-alcohol extraction method (Srivastava et ai, 2006a; 2006b). Prior 
to DNA isolation, semen samples were washed thrice with sperm wash 
buffer (0.15 mM NaCI, lOmM EDTA; pH=8.0). For cross hybridization 
studies, DNA was also extracted from peripheral blood of cattle Bos 
indicus, sheep Ovis aries, goat Capra hircus, human Homo sapiens, 
Pigeon Columba livia, pig Sus scrofa, Baboon Papio hamadryas, Bonnet 
monkey Macaca radiata, Langur Presbytis entellus, Rhesus monkey 
Macaca mulatta, Lion Panthera leo, Tiger Tigris tigris. Lion and Tiger blood 
samples were procured with due approval of the competent authorities of 
the States and Union Government of India. Tissues were homogenized 
before DNA isolation procedure. Blood samples and powdered tissue were 
mixed in the lysis buffer and kept on ice for 15 minutes with intermittent 
mixing. The samples were pelleted and the pellet was resuspended in 5 ml 
nuclease buffer with 0.2% SDS and 0.02 mg/ml proteinase K and 
incubated at 37°C for 4-16 hr. It was then extracted once with Tris-
saturated phenol, once with phenol: chloroform: isoamyl alcohol (25:24:1) 
and twice with chloroform: isoamyl alcohol (24:1). The DNA from the 
supernatant was precipitated by 1/10'^  volume of sodium acetate and twice 
volume of distilled ethanol followed by pelleting, and washing the pellet 
twice with 70% ethanol. The concentration of the DNA was estimated by 
spectrophotometer using the formula: 
Concentration of DNA = Optical Density (OD) 26o nm x Dilution Factor (DF) 
x 0.04 mg/ml 
Where 1 OD = 0.04 mg/ml (for ss DNA and RNA) 
24 
MateriaCs and94etfiods 
3.2 Isolation of total RNA and cDNA synthesis 
For RNA isolation from blood, first Peripheral blood mononuclear 
cells (PBMCs) were isolated using Histopaque gradient method as per 
suppliers' specifications (Sigma Aldrich). Briefly, around 3 ml of the blood 
was layered gently on the equal volume of the histopaque-1077 at room 
temperature followed by centrifuge at 600 g for 30 minutes. The PBMCs 
appearing in the form of a white translucent ring were taken from between 
the lower RBCs and upper serum layers. Total RNA was isolated from 
PBMCs and different tissues (testis, ovary, spleen, liver, lung, kidney, 
brain and heart) using Tri-X Reagent (Molecular Research Center, 
Cincinnati, OH) following supplier's specifications. The tissues were 
homogenized in TRI-X reagent, kept at room temperature for 5 minutes 
and the aqueous layer containing RNA was extracted using chloroform 
separation method (Srivastava et ai, 2006a; 2006b). Semen samples 
were subjected to percoll gradient method to select only motile sperms 
(Morales et ai, 1991). Sperms were washed using sperm wash solution 
(0.15mM NaCI, 10mM EDTA pH 8.0) twice following by RNA isolation as 
described previously (Miller et at., 1994). The RNA was then treated with 
RNase-free DNase-1 (10 U in 50 mM Tris-HCI, 10 mM MgCb, pH 7.5) and 
then re-extracted. Total RNA samples were checked on 1% agarose gel in 
1X MOPS buffer (10X MOPS contains 0.2 M 3-N-(morpholino) 
propanesulfonic acid; 0.05 M sodium acetate and 0.01 M EDTA, pH 
adjusted to 7.0). The cDNA synthesis was conducted using a commercially 
available kit (GIBCO-BRL, Gaithersburg, MD) and confirmed by PCR 
amplification using a set of bubaline derived ll-actin (forward 5' GTGG 
GCCGCTCTAGACACCA 3' and reverse 5' CGGTTGGCCTTAGGGTCG 
GGGGG 3') primers. Quantification of RNA and cDNA was done by UV 
spectrophotometer at 260 nm. Final RNA preparations were tested for 
residual DNA contamination by PCR using primers against fl-actin and 
isolated RNA as template following standard procedures. 
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3.3 Minisatellite/Microsatellite Associated Sequence Amplification 
(MASA) 
To conduct MASA reactions, 6 sets of oligos based on the GACA and 
GATA repeats, and a 16-nucleotide long oligo based on the consensus of 
the 33.15 repeat loci (Table 1), respectively, were designed, and 
purchased from Microsynth GmbH (Balgach, Switzerland). MASA 
reactions were individually performed for each oligo using cDNA samples 
as template from different tissues and spermatozoa in a 25-50 pi reaction 
volume each containing 2-4 pi of cDNA (corresponding to about 2-4 ng 
purified mRNA), 20-40 pmole of primer for each repeat (Srivastava et al., 
2006a; 2006b). Briefly, the template was first denatured at 95°C for 5 min 
followed by 35 cycles each with a subsequent denaturation at 95°C for 1 
min, annealing at corresponding temperatures and extension for 1-2 min 
each at 72°C, followed by a final extension at 72°C for 10 min. The 
sequence and annealing temperature for each oligo primer has been given 
in the table 1. The resultant amplicons were resolved on 20 cm long 2% 
(w/v) agarose gel using 0.5X TBE buffer. 
3.4 Cloning, Sequencing and Characterization of the MASA 
uncovered amplicons 
From the MASA reactions, 148 amplicons were uncovered using 
consensus sequence of 33.15 repeat, 332 amplicons with GACA repeat 
motif and 136 amplicons with GATA motif. These amplicons resolved on 
the agarose gel were sliced; DNA was eluted (Qiagen Gel Extraction kit, 
Germany) and processed independently for ligation into pGEMT-easy 
vector (Promega, USA) using standard protocols. The competent cells 
were prepared using CaCb treatment method (Sambrook et al., 1989).The 
ligation product was transformed into the DH5a competent cells by heat 
shock method. The recombinant clones were screened by blue/white 
selection. The positive clones were authenticated by restriction digestion, 
Slot blot and Southern hybridization using labeled buffalo genomic DNA 
following standard methods (Sambrook et al., 1989). Recombinant 
plasmids purified using alkali-lysis methods were subjected to sequencing. 
The resultant recombinant clones were sequenced and the sequences 
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Table 1: List of oligos based on the repeat sequence motifs of 
GACA and GATA, and the consensus of 33.15 repeat loci for 
the identification of their tagged transcripts 
S.N. Oligo ID Sequence (5'-3') Annealing 
Temp, (in °C) 
1. OAT15.2 5' ACAGACAGACAGACA 3' 55.5 
2. OAT18.2 5' ACAGACAGACAGACAGACA 3' 56.8 
3. OAT24.2 5' ACAGACAGACAGACAGACAGACAGACA 3' 60 
4. 0AT15.1 5' ATAGATAGATAGATA 3' 53.6 
5. 0AT18.1 5' ATAGATAGATAGATAGATA 3' 54.9 
6. OAT24.1 5' ATAGATAGATAGATAGATAGATAGATA 3' 59.5 
7. OAT33.15 5' CACCTCTCCACCTGCC 3' 59.0 
MateriaCs and 9^etfiods 
were deposited in the GenBank. The accession numbers were obtained 
for each of the submitted sequences and have been described in detail in 
the results section. 
3.5 Cloning and characterization of buffalo c-kit and Smoc-^ genes 
Four sets of overlapping PCR primers encompassing different 
regions (Table 2) specific to buffalo c-kit gene were designed based on 
mRNA sequence of Bos taurus and Bos primigenius (Accession numbers 
AF263827 and D16680, respectively) using primerS output 
(http://frodo.wi.mit.edu/cqi-bin/primer3 /primerSwww.cgi). Details of the 
primer sequences, Tm and corresponding product sizes are given in the 
table 2. PCR reactions were conducted using Vent or pfu+taq 
Polymerases (NEB, USA) involving denaturation at 95°C for 5 min, 
followed by 40 cycles of 95°C for 1 min, Tm °C for 2 min, 72°C for 2 min 
and final extension at 72°C for 10 min. The PCR products were tagged 
with dTTP at the 3' ends using Taq polymerase, and cloned into pGEMT-
Easy vector (Promega, USA). The recombinant plasmids were confirmed 
by various approaches as discussed in the section 3.4. 
Full length Smoc-I was isolated using four sets of primers designed 
from of 5' and 3' regions of the human and cattle Smoc-^ sequences 
(GenBank Accession nos. AJ249900 and XM_612029) respectively using 
primer3 output (http://frodo.wi.mit.edu/cqi-bin/primer3/primer3www.cai). 
Details of the primer sequences, Tm and corresponding sizes of amplicons 
are given in the table 3. End point PCR was conducted to amplify 3'UTR 
using cattle derived primers (JS275-JS997). The 5' UTR and 
polyadenylation signal at 3'UTR were identified using 5' & 3' RACE kits 
(Invitrogen, USA) and Smoc-1 specific primer J5UTR & JS977/JS997, 
respectively. All the PCR reactions were conducted using Vent 
Polymerase (NEB, USA) following standard protocols. The amplicons were 
analyzed by the gel electrophoresis followed by the cloning and 
sequencing. The sequences so obtained were assembled into full length 
Smoc-1 (FSmoc-1). To ascertain the possible insertion of 12'^  intron in 
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genomic DNA as template to conduct end point PCR. The PCR products 
were tagged with dTTP and cloned into pGEA/fT-Easy vector (Promega, 
USA) followed by sequencing. Finally, derived full length transcripts were 
submitted in the GenBank (Accession numbers: DQ159955 and 
EF446167). 
3.6 Homology status, phylogenetic delineation, domain 
organization, secondary structure prediction and other in-silico 
analyses 
The individual raw sequences were edited using Gene Runner 
software. Database search was conducted to determine homology of 
these sequences independently with other entries in the GenBank using 
default server (http://www.ncbi.nml.nih.qov.cqibin/BLAST/nph-newblast). 
Restriction mapping of the recombinant clones was also done 
using NEB-cutter (www.tools.neb.com/NEBcutter2) and based on this 
information, f?sal, H/nfl and Haelll enzymes (NEB, USA) were used to look 
for the absence/presence of any inter-clonal variation. The sequences of 
the two clones each from every single amplicon were independently 
subjected to ClustalW alignment (www.ebi.ac.uk/clustalw) to ascertain 
inter-clonal sequence variation. The secondary structure of predicted 
protein was ascertained using Phyre software (http://www.sbg.bio.ic.ac. 
uk/phyre). The calcium binding affinity, and N-glycosylation and 0-
glycosylation sites in the Smoc-1 were predicted using different 
bioinformatics tools. Based on the homology, the phylogenetic tree 
(http://sbq.bio.ic.ac.uk/phvre) was constructed using c-kit and Smoc-^ 
sequences from buffalo and other species. Only those species showing 
significant homologies (80-100%) were taken into consideration. 
3.7 RNA slot blot analysis and Northern blotting 
For RNA slot blot analysis, approximately 2 pg of total RNA from 
different tissues of buffalo was slot blotted onto a nylon membrane 
(Minifold Apparatus, Schleicher & Schuell, Germany) and UV fixed. For 
positive control, 5 ng of recombinant plasmid, each, was included in the 
blot(s). For Northern blot analyses, 5-10 |jg total RNA was denatured on 
28 
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65°C for 10 minutes and separated on 1% agarose gel containing 4% 
formaldehyde and transferred to nylon membrane (Amersham 
Biosciences) using capillary transfer method. Individual probes for each 
fragment were labeled with pP] a-dCTP using random priming kit 
(Rediprime™ II, Amersham Pharmacia biotech, USA). The pre-
hybridization was carried out for 4-6 hours at hybridization temperature of 
the individual probes using 1ml/cm2 of hybridization fluid [5X Denhardts 
solution (0.5 g Fiicoll; 0.5 g Polyvinylpyrrolidone; 0.5 g BSA in 50 ml); 5X 
SSPE (43.3 g NaCI, 6.9 g NaH2P04.H20 and 1.85 g EDTA in 1 litre 
pH=7.4); 10 pg/ml E. coli DNA as carrier and 1%SDS]. Hybridizations 
were carried out with respective labeled recombinant clones (1 X 10^ cpm 
of labeled probe per 10 ml of hybridization fluid) for 16 hours at 50°C. 
Washings were performed at high stringency: blots were washed using 2X 
SSC/0.1% SDS at 65°C twice for 15 min., followed by IX SSC/0.1% SDS 
at 65°C for 15 min. and finally 0.1X SSC/ 0.1% SDS at 65°C twice for 15 
min. Autoradiography for individual blot was done following standard 
procedures (Sambrook etal., 1989). 
3.8 RT-PCR and Southern Blotting 
In order to confirm the Northern results, internal primers were 
designed from each uncovered fragment (Table 4) and the RT-PCR 
amplifications were conducted using cDNA from different tissues and the 
spermatozoa. The sequences and annealing temperatures of each primer 
set corresponding to individual fragment and amplicons' size are given in 
the table 4. The products were checked on 1% agarose gel in 0.5XTBE 
and then transferred to nylon membrane using capillary transfer method 
followed by pre-hybridization for 4-6 hours at 60°C and hybridization with 
respective [^ ^P] a-dCTP random primed recombinant clones for 16 hours 
at 55°C. Bubaline derived p-actin gene probe and bacterial genomic DNA 
were used as positive and negative controls, respectively. RT-PCR blots 
were washed at high stringency using 2X SSC/ 0.1% SDS at 65°C twice 
for 15 min., followed by IX SSC/ 0.1% SDS at 65°C for 15 min. and finally 
0.1X SSC/ 0.1% SDS at 65°C twice for 15 min. Autoradiography was 
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MateriaCs and Methods 
3.9 Evolutionary studies of the uncovered genes/gene fragments 
The evolutionary status of the uncovered genes/gene fragments 
was studied using them as the probes in individual southern blots with the 
DNA from various mammal and non-mammal species. Approximately, 500 
ng of heat denatured genomic DNA from above mentioned species was 
briefly run on 0.8% agarose gel and transferred onto the nylon membrane 
using capillary transfer method. Hybridizations were conducted with 
individual labeled probes following the nick translation method. 
Phylogenetic tree were constructed for each uncovered gene/gene 
fragments using different online available softwares for e.g. clustalW 
(http://www.ebi.ac.uk/clustalw.html) and PHYLIP (http://evolution.genetics. 
washington.edu/phylip.html). 
3.10 Copy number calculation and Relative expresslonal studies 
using Real Time PCR 
Copy number of the MASA uncovered genes and c-kit was 
calculated based on absolute quantitation assay using SYBR Green dye 
and Sequence Detection System-7000 (ABI, USA). For every gene, the 
standard curve was obtained using 10 fold dilution series (From 300 
copies to 30 million copies) of the recombinant plasmids containing gene 
of interest. Standard curve with a slope of -3.2 and a single dissociation 
peak substantiating maximum efficiency of the PCR reaction and high 
specificity of the primers with target DNA respectively, was obtained. 
Similar standard curve analysis was performed using cDNA and genomic 
DNA as templates before performing the actual experiments. The copy 
number of the respective genes/fragments was calculated by extrapolating 
the standard curves using calculated copies of the haploid buffalo genome 
as the target template in the Real Time PCR absolute quantitation assays. 
For relative expression analysis, SYBR green assays were conducted for 
individual fragments using equal amount of cDNA from all the tissues and 
spermatozoa, with (3-actin as an internal control. The expression level or 
amount of transcripts of a particular fragment was estimated by 
comparative Ct method with one of the tissues as calibrator sample. 
Primers for calculating copy number and relative expression for each 
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transcript were designed by "Primer Express Software" (ABI, USA) and are 
given In ttie table 5. The cyclic conditions comprised 10 minutes of 
polymerase activation at 95°C followed by 40 cycles, each at 95°C for 15 
seconds and 60°C for 1 minute. Presence of genomic DNA within the 
cDNA was ruled out by using mRNA from different tissues as template in 
several independent Real Time PCR reactions. Further, a no template 
control was run to ensure that the samples with lowest detected cDNA 
amount are well above the background signal. Each experiment was 
repeated three times at different concentration to ensure consistency of 
the results. The expression level of the genes was calculated using the 
formula: expression status= (1+E)"^^', where E is the efficiency of the PCR 
and ACt is the difference between cycle threshold of the test sample and 
endogenous control. 
Copy number of S/T70C-1 gene was calculated using two primer 
pairs (Table 3) specific to 11"^ exon of Smoc-1. The relative transcription of 
Smoc-1 across the tissues was assessed using the same primer set and 
equal quantity of total cDNA from different tissues and semen samples of 
buffalo. The relative expression of both the detected transcript variants 
was studied using three primer sets, two for both the variants (JSR1015-
1018) and one specific for variant-01 (JSR1033-1034). Age specific 
expression of both the transcripts was also carried out using cDNA from 
blood lymphocytes with the primer sets (JSR1015-1018) which picked up 
both the variants and another one JSR1033-1034 specific for variant-01. 
The total cDNA amounts from different tissues were optimized using a set 
of buffalo p-actin primers (forward 5TCACGGAGCGTGGCTACAG3' and 
reverse 5'TTGATGTCACGGA CGATTTCC3'). Presence of genomic DNA 
in the cDNA templates was ruled out by using mRNA as template in 
several independent Real Time PCR and end point PCR reactions. Each 
reaction was repeated three times in triplicates. 
3.11 Metaphase chromosome preparation and Fluorescent in situ 
hybridization (FISH) 
Approximately, 400 (JI of whole blood from normal buffaloes was 
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20% fetal bovine serum for 72 hours at 37°C with 5% CO2. Then, the 
coicemid was added to the culture according to supplier's specifications in 
order to arrest the chromosome at metaphase stage. The cells were 
treated using hypotonic treatment (0.56% KCI) followed by fixation (3:1 
ratio of methanol: acetic acid) thrice. Cattle derived BAG clone 
Ctg9.CH240-54l18 representing full length Smoc-^ gene and human 
derived BAG clone RP11-571F15 for Ubap1 gene were used as probes. 
All the BAG clones were purchased from Children's Hospital Oakland 
Research Institute (CHORI). ANKD26 was localized using recombinant 
plasmid containing insert of 523 bp (representing the part of Ankyrin 
repeat domain-26). Probes were labeled with Fluorescein-12-dUTP using 
Nick Translation Kit from Vysis, (IL, USA) and detected with biotinylated 
anti-fluorescein antibody and FITC-avidin DCS (Vector Labs). Two rounds 
of signal amplifications were performed to obtain the desired signal 
intensity. Washing, counterstaining, and mounting of the slides were 
conducted following supplier's instructions. The slides were screened 
under the Olympus Fluorescence Microscope (BX51) fitted with vertical 
fluorescence illuminator U-LH100HG UV, excitation and barrier filters. 
Images were captured with a CCD camera. Chromosome identification 
and band numbering were done through G-banding following the 
International System for Chromosome Nomenclature of Domestic Bovids 
(ISCNDB, 2000). 
3.12 Protein expression and production of anti-Smoc-1 antiserum 
Using PSmoc-1 as template, the Smoc-1 was re-amplified to 
accommodate a BamH\ site at the 5' end (5'-CGGGATCGCACCTG 
TCCAGCTGCGGCAGG-3') and Xho\ site at the 3' end (5'-
GCCTCGAGTTAGACG AGGCGTCCTACTTC-3'). The resulting amplicon 
was cloned in pGEX-4T1 vector (Novagen, USA) at BamHM Xho\ sites. 
The recombinant GST-tag-Smoc1 was transformed in to BL21 (DE3) E.coli 
and expression of the recombinant protein was induced with 1mM IPTG at 
25 to 37°C for 4 hour. The recombinant Smoc-1 protein was purified using 
GST-tag purification resin (Clontech, USA). A rabbit was immunized with 
purified recombinant pGEX-4T1-PSmoc1 using alum as an adjuvant to 
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obtain the Anti-PSmod-pAb. To ensure the specificity, primary antiserum 
(Anti-SySmod-pAb) was obtained for a commercially synthesized 26 
amino acid (69S to 95G) long peptide, conjugated to Keyhole limpet 
hemocyanin (KLH), specific to Smoc-1 domain. 
3.13 Isolation of total protein from different tissues and Western 
Blotting 
Denaturing 10% polyacrylamide gels were used under reducing 
conditions for analyzing culture medium and E. coli expressed proteins. 
Following electrophoresis, the proteins were transferred onto nitrocellulose 
membranes. After blocking with 5% non-fat milk, 1% BSA in PBS for 45 
min at room temperature, the membrane was probed with primary 
antibodies (anti-PSmod-pAb raised against pGEX-4T1-PSmoc1 anti-
SySmocl-pAb against synthesized peptide of Smoc-1). Secondary 
detection was carried out with goat anti-rabbit IgG conjugated with HRP 
(Bio-rad, USA) following standard protocol. Total protein was isolated from 
different tissues using Tri-X reagent (MRC) followed by extraction of lower 
and middle layers. Protein was precipitated from these layers using 
acetone. Protein quantity was normalized on 12% SDS-PAGE followed by 
its transfer, hybridization and detection. 
3.14 Immunohistochemical analysis of Smoc-1 on Buffalo Tissue 
Sections 
The distribution of Smoc-1 protein in different tissues was studied 
on paraffin sections by indirect Immunohistochemistry using Anti-
SySmocl-pAb (generated against synthesized polypeptide for Smoc-1 as 
stated earlier). Freshly prepared buffalo tissues were fixed for 1 hr in 4% 
Paraformaldehyde/PBS and after dehydration were embedded in paraffin. 
Sections were sliced and processed according to standard procedures 
(Sambrook et al., 1989). After blocking with 1% BSA/TBS, the sections 
were incubated with the anti-PSmod-pAb followed by HRP-labeled goat 
anti-rabbit IgG (Bio-rad, USA) and detected using Di-amino Benzene 





4.1 MASA mediated mining of the mRNA transcripts 
4.1.1 Distribution of GACA/GATA repeats and consensus of 33.15 
repeat loci across the species 
Before conducting the MASA experiments, a comprehensive 
database search was done for the distributional analysis of GACA/GATA 
and 33.15 repeat sequences in the non-coding and coding genomes 
across the species (Figure 4). In case of buffalo, the slot blot hybridization 
of the total RNA from different tissues of buffalo with oligos based on the 
GACA, GATA and 33.15 repeats showed discernible but differential 
signals in all the tissues indicating tagging of these repeats with several 
transcripts (Figure 5). The presence of all the repeat sequences across the 
species (in silico) and various buffalo tissues (demonstrated 
experimentally) is given below. 
4.1.1.1 Repeat motifs within the non-coding genomes across the 
species 
The detailed in-silico analysis of the available complete or incomplete 
genomes of Archea/ Eubacteria (Prokaryotes) and 17 eukaryotes including 
human revealed absence of GACA/GATA tetramers in the prokaryotes 
(Table 6). Lower eukaryotes like Saccharomyces cervisae, Dictyostelium 
discoideum, C. elegans, and Arabidopsis thaliana also harbored either no 
or very few repeats. However, a gradual accumulation of these repeats 
was observed in the higher eukaryotes (Table 6). Thereafter, detailed 
analysis of 6 of the above mentioned eukaryotic species evidenced the 
differential occurrence of the GACA/GATA repeats among different 
chromosomes and species (Figure 4). Of these, the human, dog and 
Arabidopsis genomes were found to be GATA rich and chicken with equal 
frequency of GAC/GATA repeats, whereas cattle remained indecipherable 
due to its unfinished genome. The C. elegans genome was found to 
harbor only 13 regions containing (GACA)4 and 12, (GATA)4 repeats. 



















1 • 1 t 1 11 • 
• • • I I i • • 
• • i«J It 
1 1 1 1 1 1 1 1 
Figure 5. Slot blot hybridization of 5 (jg total RNA with 
different oligo probes showing varying signal in different 
somatic tissues and gonads of buffalo. The probe labeled for 
the consensus of 33.15 repeat loci (A); (GACA)4 in (B) and for 
(GATA)4 has been shown in (C). The normalized signal of 
RNA with p-actin in all the tissues has been given in (D). 
Uniform signal in panel "D" indicates similar quantity of the 
RNA used. PC denotes 5 pmole of the respective oligos used 
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Figure 6. A representative gel showing total RNA isolated from 
different tissues of water buffalo (A). The quantity of each RNA 
sample was spectrophotometerically measured and 5 //g of total 
RNA was reverse transcribed into cDNA. The cDNA was normalized 
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Figure 7. Minisatellite Associated Sequence Amplification (MASA) with cDNA 
from different tissues of buffalo using 16 base long oligo primer 33.15 showing 
3-5 bands in each lane (A) and PCR amplification of cDNA with y5-actin primers 
derived from buffalo showing almost uniform expression used for normalization 
(B). A 1263 bp fragment from liver was also detected in another MASA reaction 
(not shown here). MASA reactions were performed using cDNA from the buffalo 
spermatozoa (C), and the respective cDNAs were normalized by the y5-actin (D). 
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Figure 8. Microsatellite associated sequence amplification (MASA) performed 
using oligos based on varying lengths of GACA repeats and cDNA from different 
sources. The amplified transcripts ranged from 0.15 kb to 1.8 kb. MASA using 
GACA repeat with cDNA from different somatic and gonadal tissues is given in (A) 
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Figure 9. MASA reactions were also performed using the GATA repeats and 
cDNA from different somatic tissues (A) and the spermatozoa is shown in (B). 
Note, the tissue and spermatozoa-specific transcript profiles generated by GACA 
and GATA repeats. GATA did not detect any transcripts in lung and heart. 
9^su[ts 
(MASA) reactions to uncover the transcriptomes of water buffalo Bubalus 
bubalis. MASA reactions (Figure 7-9) were carried out using varying length 
oligos based on these repeats as primers (Table 1) and cDNA for different 
somatic tissues, gonads and spermatozoa as templates. Also, the MASA 
were performed using genomic DNA from different tissues using these 
repeats to compare the obtained band profile (Figure 10). All the 
uncovered fragments were cloned in to pGEMT-easy vector (Figure 11 A) 
and all the recombinant clones were confirmed using Slot blot 
hybridization (Figure 11B), restriction digestion followed by Southern 
hybridizations (Figure11C-D). However, only representative figures have 
been shown here to show the obtained results. The possibility of 
interclonal variations was ruled out by restriction analysis of 6 
recombinants of each fragment using different online bioinformatics 
softwares (http://tools.neb.com/NEBcutter2 /index.php) to predict the 
restriction sites (Figure 12 A-F), following the restriction digestions using 
combinations of enzymes (Figure 13A-H) accordingly. All the positive 
clones were sequenced and the sequences were submitted to the 
GenBank. The obtained accession numbers of all the MASA uncovered 
transcripts with their detailed information has been given in the tables 10-
12. Database search was conducted to ascertain homology of all the 
sequences independently with other entries in the GenBank. 
4.1.2.1 MASA with consensus sequence of 33.15 repeat loci 
MASA using oligos based on 33.15 repeat uncovered a total of 25 
amplicons representing 7 different transcripts from somatic tissues, testes 
and ovaries from four different animals (Figure 7A) whereas 48 amplicons 
comprising 12 types of transcripts were identified from spermatozoa 
(Figure 7C). MASA reactions were also performed using genomic DNA 
from different tissues to compare the profile obtained (Figure 10B). 
Following cloning and sequencing of all the seven tissue originated 
transcripts, we observed three transcripts present in all the tissues 
whereas one exclusively detected in each testis, spleen and liver. All the 
six recombinant clones for each transcript showed similar band profiles 
























Figure 10. Minisatellite/Microsatellite associated sequence 
amplification (iVlASA) performed using oligos based on varying 
lengths of the 33.15, GACA and GATA repeats and genomic 
DNA from different sources. The amplified fragments ranged 
from 0.15 kb to 1.8 kb. MASA using 33.15 repeat with genomic 
DNA have been given in (A), using GACA repeat in (B) and 
using GATA repeat in (C). 'D' represents the normalization of 
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Figure 11 A. Schematic map of the pGEMT- easy vector which was 
used for cloning all MASA uncovered fragments. Cloning site including 
different enzymes' sites has been also shown in the figure. 
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Figure 11B. Representative Slot blot hybridizations using recombinant 
plasmids with the genomic DNA probes (A-E). The 10-12 recombinants 
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Figure 11C. Representative gel pictures sliowing the uncut 
recombinant plasmids (A-F) containing the genes of interest. 
Approximately, 10-12 plasmid DNAs were isolated by alkali-lysis method 
for all the fragments and checked on 1% agarose gel in 0.5X TBE. 
M 
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Figure 11D. Representative pictures for the restriction analyses of tine reconnbinant 
clones for the MASA generated amplicons using EcoR^ to release the insert 
fragments: 850 bp (A); 650 bp (B); 300 bp, (C); 1263 bp (D); 500 bp, (E); 400 bp, (F); 
1.1 kb and1.8 kb (G); 1.3 kb (H); 350 bp and 700 bp (I); 2.5kb (J) 1.0 kb (K) and 450 
bp (L). The autoradiograms for respective restriction digestion has also been shown 
below every gel photograph. However, Rsal, H/nfl and Haelll enzymes were also used 
for these restriction analyses which showed absence of interclonal variation. The 
molecular size marker "M" is given in base pairs. . 
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Figure 12 Contd/ 
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Figure 12. Restriction mapping of each fragments uncovered with the 33.15, GACA 
and GATA repeats was done using NEB cutter (www.tools.neb.com/NEBcutter2). 
Here, the representative pictures have been shown for mapping of the 33.15 
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F i g u r e 13 . Restriction Analyses of the recombinant clones containing different 
insert fragments: 846 bp, (A); 487 bp, (B); 576 bp, (C); 324 bp, (D); 602 bp (E), 579 
bp (F), 398 bp (G), and 1263 bp (H) with Rsa\, H/nfl and Haelll enzymes showing 
absence of interclonal variation. The molecular size marker "M" is given in base pairs. 
^esufts 
the absence of any inter-clonal variation. Database search using complete 
sequences of ail these seven transcripts demonstrated their homology 
within and across the species (Table 10). Of these seven, three 
represented the similarity along with their entire length to the characterized 
genes for e.g. LRRN6A whereas other transcripts were homologous by 
partial sequences with a number of genes (for details please refer table 
10). 
Also, the cloning and sequencing was done individually for all the 
12 transcripts uncovered from the spermatozoa. The sequence analyses 
and homology search for these spermatozoal transcripts showed that out 
of 12, 3 transcripts showed no homology, 7 were homologous to the non-
characterized BAG clones originated from human, cattle or mouse. Only 
one was found to be similar to the Bovine steroid 21-hydroxylase gene (P-
450-C21) gene and other one with Diceros bicornis minor clone DBS 
microsatellite sequence (Table 10). Most interestingly, the comparative 
analysis of these transcripts with that originated from the somatic and 
gonadal tissues revealed that none of the gene was found to be common 
between the tissues and the spermatozoa. In order to ascertain the 
structural, functional and regulatory status of the MASA uncovered 
genes/gene fragments, we conducted a comprehensive database search 
with each one separately. The detail of these homologous genes, their 
accession numbers, chromosomal positions (if available), species, position 
of our cDNA sequences and their possible functions are given in the table 
10. 
4.1.2.2 Simple repeat of GACA uncovered more number of 
transcripts in spermatozoa tfian in somaticlgonadal tissues 
MASA using GACA repeat identified a total of 57 amplicons, each 
from four animals representing 14 different types of transcripts from 
somatic tissues and gonads (Figure 8A and Table 11). Also, 104 
amplicons were detected in spermatozoa representing 26 types of 
transcripts (Figure 8B and Table 11). Upon subsequent cloning and 
characterization, we observed that of the 14 tissue-originated transcripts, 
only 5 were common to all the tissues while remaining ones showed 
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tissue-specific profiles. Of these tissue-specific transcripts, 3 were 
exclusive to testis, 1 each for kidney and heart, 1 common for testis and 
ovary, and 9 absent in lung (Table 11). 
Following this, we also characterized 26 transcripts detected in the 
spermatozoa, and found that only 6 were shared with somatic tissues 
whereas remaining 20 were exclusive to the spermatozoal RNA pool 
(Table 11). Further, approximately 80% of the somatic tissues and 50% of 
the spermatozoa originated transcripts showed significant homologies 
(greater than 85%) with several coding genes across the species or 
uncharacterized BAG clones originated from cattle or human. Remaining 
fragments showed non-substantial or no homology with the genes present 
in the databank. Moreover, amongst the transcripts showing homology, 
only two fragments showed similarity along their entire length (GenBank 
Accession no. DQ534910 and DQ534906) to the database 
representatives, whereas remaining ones were homologous either to 573' 
or intervening sequences of the characterized genes. Interestingly, >80% 
of the homologous genes were found to be involved In either signal 
transduction or cell-cell interaction pathways whereas remaining 20% were 
implicated with several diseases. Details of the GACA-tagged transcripts 
with their accession numbers and homologous genes are given in the 
table 11. 
4.1.2.3 Transcripts identified by GATA repeat in different tissues 
and spermatozoa 
In contrast to GACA and 33.15, GATA repeat uncovered few 
transcripts but with well-defined tissue-specific profiles (Figure 9A). Briefly, 
a total of 24 amplicons each from 4 different animals constituting 10 types 
of transcripts were identified from gonads and other somatic tissues 
barring lung and heart which were conspicuously devoid of any amplicon 
(Table 12). These transcripts further showed tissue-specificities upon 
cloning and sequencing such that 6 were exclusive to testis, while 
remaining 4 were common to other tissues. Also, we uncovered 40 
amplicons identifying 10 types of transcripts from spermatozoa (Figure 9B) 






_c oo I f ) • * 1^ r^  t^ 1^ OM 0 i n 
o CM T— CO CO h- 0 0 m eg 
0) 
N 





*^ ^ (0 a> 
E ^ 
(U E <N CD -a- t~- 00 O) 3 00 
—^ 
00 T— 
—^ ^— Q. C o IT) o i n i n IT) (A o T— o T — T — T— CO CO CO CO C ID I D i n i n i n ID z 2 2 2 E _o O O o o o O 
(A 
U. LL LL LL LL Li. 






2 9 OO .^ O CM CO • * \n CO r^  00 CM CO CO CO CO CO CO CO CO CO 
^^ ^ c 
o 
o O O o o o 0 0 0 0 S3, V) CO CO CO CO CO CO CO CO CO —i —5 - 3 - 3 - 5 - 3 - 5 

















C2 £2 CO " 







<^ ^ m CM 
°° « c5 « 
CM CM £ i f5 








^ H O CO - • CO h- O ^ - ' 1 -
0 > . 2 T3 
1- 0 -" 52 
0} 
1 - 1 - ^ 0 ^ -
0) 





O E o CO i n og CO ID co 3 CM CO 00 0 0 0 0 00 00 
4rf C i n o ID I D i n ID ID 
re 
o 
•^ W W CO W O CO CO CO CO CO CO CM CO CO CO co CM CM CO CO CO CM CM 
E g z z z z g z z z z z z ^ z z z 
10 "^ "^ •^ 








0) 9 CD t n • ^ CO CD 
0 0 <35 0 5 0 5 CT) 




0 , CO Tj- i n to 
0 00 
„ r^ CO cj) 





o o o o o 
—> —i —i —i —> 







^ 0 0 0 
0 ~ 3 ~ 3 ~ 3 






. ^ V - T— X— 
^ 0 0 0 
0 _ ~ 3 ~3 - 3 







































< ^ i_ 
ca C n (0 
u m 0 • n 
n 
' k _ L. 
0 ^^ UJ r 0 <\i 
u m 
m 01 1 -
_^ 






*^  *^ 
0 g 
*- •>> CO n) 








-n ^ w in 
.^^ 0 
a. c 




• * - • Q. 
^ 0 0 




ones uncovered from testis (Table 12). However, other somatic tissues 
and ovary shared only 4 out of 10 transcripts with the spermatozoa. 
Further, homology search and other studies showed that more than 90% 
of the somatic and spermatozoal transcripts are novel and portraying no/ 
non-significant homology with any reported genes in the database. 
Remaining 10% ones were similar to few Bovid specific genes or 
uncharacterized BAG clones. Interestingly, none of these GATA-tagged 
transcripts showed homology along their entire length. The details of the 
somatic and spermatozoal transcripts tagged with GATA repeat including 
their accession numbers, origin and size are given in the table 12. 
4.1.2.4 Comparative analysis of ttie transcript diversity 
The observed tissue-specific profiles for the 33.15- (Figure 14A-B) 
and GACA/GATA- (Figure 15A-B) tagged transcripts so uncovered were 
further substantiated using RNA slot-blot hybridizations and RT-PCR 
analyses (Figure 14-15). We next investigated the comparative richness of 
the buffalo transcriptome for GACA, GATA or 33.15 repeats, and found the 
association of relatively more number of transcripts with GACA than with 
GATA or 33.15 repeat. Briefly, 34 different transcripts were identified by 
GACA encompassing 8 from somatic tissues/gonads, 20 from 
spermatozoa and 6 shared by all sources studied (Table 11). Contrast to 
this, only 10 types of transcripts were identified by GATA with 4 common 
to all the studied sources but 6 exclusive to testis/spermatozoa (Table 12). 
The consensus of 33.15 repeat uncovered 19 types of mRNA transcripts 
encompassing 7 each from somatic tissues and gonads while 12 from the 
spermatozoa. 
Most interestingly, none of the 33.15 tagged transcripts was found 
to be common amongst different tissues studied and the spermatozoa 
(Table 10). As for the homologous genes, none of them were shared 
between any of these repeat tagged transcripts. Moreover, all the 
homologues were found to be either involved in signal transduction/other 
regulatory pathways or linked to several diseases. Based on these 
findings, we conclude that GACA identified more number of known and 
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Figure 14A. Slot blot 
hybridization of total RNA 
from different tissues with 
cloned probes having insert 
fragments of: 324, (a); 
487, (b); 576, (c); 602, (d); 
846 (e); 1263 (f) and /3-
actin (g). Note the 
exclusive signals detected 
in liver and spleen by 1263 
and 576 bp cloned 
fragments, respectively. PC 
denotes 5 ng respective 
recombinant plasmids used 
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Figure 14B. RT-PCR 
amplification of cDNA 
templates from different 
tissues showing amplicons 
corresponding to the 
insert fragments: 846 (a); 
487 (b); 324 (c); /?-actin 
(d); 576 (e); 602 (f) and P-
actin (g). Note the faint 
signals of 324 related 
fragment in lung, liver, 
heart and kidney (panel c) 
and the absence of 576 
base pair related signal in 
testis, ovary, lung, kidney 
and heart (panel e). 
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Figure 15. RT-PCR analyses for representative GACA- (A) and GATA- (B) 
tagged transcripts using internal primers and cDNA from different somatic 
tissues, gonads and spermatozoa as templates. The transcript IDs are given 
on the left and names of the tissues on the top. Quality and quantity of the 
cDNA samples was normalized (C) and genomic contamination in the RNA 
checked by PCR with ;ff-actin derived primers. Tissue specificities of the 
transcripts were ascertained on the basis of presence or absence of 
amplicons using the respective cDNA templates which were further confirmed 
by Real Time PCR and Southern blotting. 
'R^fsuCts 
Moreover, 33.15 repeat also detected less transcripts than the GACA 
repeat but more than the GATA one. 
4.1.3 Sequence polymorphisms detected in the IVIASA uncovered 
transcripts 
Following homology search, we analyzed all the transcripts for 
sequence polymorphisms at inter-tissue or tissue-spermatozoal levels. 
The possibility of inter-clonal sequence variations for the individual 
fragment was ruled out as described in the section 4.1.2. In brief, a total of 
148 amplicons were uncovered with 33.15 repeat comprising 100 from 
somatic and gonadal tissues and 48 from spermatozoa from four different 
animals which were cloned and sequenced (Table 10). Also, 332 
amplicons encompassing 57 from somatic tissues/gonads and 26 from 
spermatozoa, each from 4 animals were uncovered with GACA (Table 11), 
and 136 amplicons encompassing 96 from different tissues and 40 from 
spermatozoa tagged with GATA were cloned and sequenced (Table 12). 
4.1.3.1 Within tfie 33.15 tagged transcripts 
As mentioned above, no transcript was found to be shared between 
the tissues and the spermatozoa. Among the transcripts exclusively 
detected in the somatic tissues/gonads, the 846/847 bp fragment showed 
tissue specific point nucleotide changes when analyzed using ClustalW 
alignment (www.ebi.ac.uk/clustalw). A total of 6 changes specific to ovary 
and testis and 6 random ones in spleen, liver, lung, kidney and heart were 
detected (Figure 16A). In silico translation of these sequences showed 
amino acids changes leading to massive C-terminus alterations and 
deletions in gonads of both the sexes compared to that in somatic tissues 
(Figure 16B). Startlingly, this change was not confined to one animal, 
instead was uncovered in others too. Sequences of 602 bp fragment, 
which was identical in testis, ovary, kidney, liver and lung showed 2 point 
mutations in heart. In spleen a 576 bp fragment representing altogether 
different sequence was found instead of the 602 bp one (Figure 17). 
Interestingly, the 487 bp fragment, which was found to homologous to the 
palindromic sequence of the Y chromosome, had identical sequences in 
40 
TESTIS CACCTCTCCACCTGCCCTAGGCTGGTACACAACTTCATAGTGGAGGGGAATTTAAGGAGT 60 
OVARY CACCTCTCCACCTGCCCTAGGCTGGTACACAACTTCATAGTGGAGGGGAATTTAAGGAGT 6 0 
LIVER CACCTCTCCACCTGCCCTAGGCTGGTACACAACTTCATAGTGGAGGGGAATTTAAGGAGT 6 0 
LUNG CACCTCTCCACCTGCCCTAGGCTGGTACACAACTTCATAGTGGAGGGGAATTTAAGGAGT 6 0 
KIDNEY CACCTCTCCACCTGCCCTAGGCTGGTACACAACTTCATAGTGGAGGGGAATTTAAGGAGT 6 0 
HEART CACCTCTCCACCTGCCCTAGGCTGGTACACAACTTCATAGTGGAGGGGAATTTAAGGAGT 6 0 
SPLEEN CACCTCTCCACCTGCCCTAGGCTGGTACACAACTTCATAGTGGTGGGGAATTTAAGGAGT 6 0 
******************************************* **************** 
TESTIS CCCTGGGGGCTATAATCCTGCCATGAGAAGCCCACGTTGTGGCACTTGGGAGTGCCCTAG 120 
OVARY CCCTGGGGGCTATAATCCTGCCATGAGAAGCCCACGTTGTGGCACTTGGGAGTGCCCTAG 120 
LIVER CCCTGGGGGCTATAATCCTGCCATGAGAAGCCCACGTTGTGGCACTTGGGAGTGCCCTAG 120 
LUNG CCCTGGGGGCTATAATCCTGCCATGAGAAGCCCACGTTGTGGCACTTGGGAGTGCCCTAG 12 0 
KIDNEY CCCTGGGGGCTATAATCCTGCCATGAGAAGCCCACGTTGTGGCACTTGGGAGTGCCCTAG 12 0 
HEART CCCTGGGGGCTATAATCCTGCCATGAGAAGCCCACGTTGTGGCACTTGGGAGTGCCCTAG 120 










TGGTAGAGTGTTGGTGAGAGGACAGCTCAIKGTGCTTTGCAGTGAAACCCTCCCGCTCCAT 1 8 0 
TGGTAGAGTGTTGGTGAGAGGACAGCTCASGTGCTTTGCAGTGAAACCCTCCCGCTCCAT 180 
TGGTAGAGTGTTGGTGAGAGGACAGCTCASGTGCTTTGCAGTGAAACCCTCCCGCTCCAT 18 0 
T G G T A G A G T G T T G G T G A G A G G A C A G C T C A S G T G C T T T G C A G T G A A A C C C T C C C G C T C C A T 18 0 
T G G T A G A G T G T T G G T G A G A G G A C A G C T C A S G T G C T T T G C A G T G A A A C C C T C C C G C T C C A T 180 
T G G T A G A G T G T T G G T G A G A G G A C A G C T C A ^ G T G C T T T G C A G T G A A A C C C T C C C G C T C C A T 180 
***************************** ****************************** 
TESTIS C T T T G G T A T C T T T C T G C A G C T T T G G A T T T G T T T G A G G G A G T G G A A G T C T C T T T G C T T T T C 240 
OVARY C T T T G G T A T C T T T C T G C A G C T T T G G A T T T G T T T G A G G G A G T G G A A G T C T C T T T G C T T T T C 240 
LIVER C T T T G G T A T C T T T C T G C T G C T T T G G A T T T G T T T G A G G G A G T G G A A G T C T C T T T G C T T T T C 240 
LUNG C T T T G G T A T C T T T C T G C A G C T T T G G A T T T G T T T G A G G G A G T G G A A G T C T C T T T G C T T T T C 240 
KIDNEY C T T T G G T A T C T T T C T G C A G C T T T G G A T T T G T T T G A G G G A G T G G A A G T C T C T T T G C T T T T C 240 
HEART C T T T G G T A T C T T T C T G C A G C T T T G G A T T T G T T T G A G G G A G T G G A A G T C T C T T T G C T T T T C 240 
SPLEEN C T T T G G T A T C T T T C T G C A G C T T T G G A T T T G T T T G A G G G A G T G G A A G T C T C T T T G C T T T T C 240 
***************** ****************************************** 
TESTIS C T G T T C T T T A T A T A T C T T T A C C G T G A T A G T G G C T C A G A C G G T A A A G C G T C T G T C T A C A G T 300 
OVARY C T G T T C T T T A T A T A T C T T T A C C G T G A T A G T G G C T C A G A C G G T A A A G C G T C T G T C T A C A G T 300 
LIVER C T G T T C T T T A T A T A T C T T T A C C G T G A T A G T G G C T C A G A C G G T A A A G C G T C T G T C T A C A G T 300 
LUNG C T G T T C T T T A T A T A T C T T T A C C A T G A T A G T G G C T C A G A C G G T A A A G C G T C T G T C T A C A G T 300 
KIDNEY C T G T T C T T T A T A T A T C T T T A C C G T G A T A G T G G C T C A G A C G G T A A A G C G T C T G T C T A C A G T 300 
HEART C T G T T C T T T A T A T A T C T T T A C C G T G A T A G T G G C T C A G A C G G T A A A G C G T C T G T C T A C A G T 300 
SPLEEN C T G T T C T T T A T A T A T C T T T A C C G T G A T A G T G G C T C A G A C G G T A A A G C G T C T G T C T A C A G T 300 
********************** ************************************* 
TESTIS G T G G G A G A C C C G G G T T C A A T C C C T G G G T C A G G A A G A T C C T C T G G A G A A G G A A A C G G C A A T 360 
OVARY G T G G G A G A C C C G G G T T C A A T C C C T G G G T C A G G A A G A T C C T C T G G A G A A G G A A A C G G C A A T 360 
LIVER G T G G G A G A C C C G G G T T C A A T C C C T G G G T C A G G A A G A T C C T C T G G A G A A G G A A A C G G C A A T 360 
LUNG G T G G G A G A C C C G G G T T C A A T C C C T G G G T C A G G A A G A T C C T C T G G A G A A G G A A A C G G C A A T 360 
KIDNEY G T G G G A G A C C C G G G T T C A A T C C C T G G G T C A G G A A G A T C C T C T G G A G A A G G A A A C G G C A A T 360 
HEART G T G G G A G A C C C G G G T T C A A T C C C T G G G T C A G G A A G A T C C T C T G G A G A A G G A A A C G G C A A T 360 
SPLEEN G T G G G A G A C C C G G G T T C A A T C C C T G G G T C A G G A A G A T C C T C T G G A G A A G G A A A C G G C A A T 360 
************************************************************ 
TESTIS C C A C T C C A G T A C T A T T G C C T G G A A A A T C C C K A T G G A C A G A G G A G C C T T G T A G G C T A C A G T 42 0 
OVARY C C A C T C C A G T A C T A T T G C C T G G A A A A T C C C S A T G G A C A G A G G A G C C T T G T A G G C T A C A G T 420 
LIVER C C A C T C C A G T A C T A T T G C C T G G A A A A T C C C I A T G G A C A G A G G A G C C T T G T A G G C T A C A G T 419 
LUNG C C A C T C C A G T A C T A T T G C C T G G A A A A T C C C H A T G G A C A G A G G A G C C T T G T A G G C T A C A G T 419 
KIDNEY C C A C T C C A G T A C T A T T G C C T G G A A A A T C C C I A T G G A C A G A G G A G C C T T G T A G G C T A C A G T 419 
HEART C C A C T C C A G T A C T A T T G C C T G G A A A A T C C C I A T G G A C A G A G G A G C C T T G T A G G C T A C A G T 419 









C C A T G G G H T C G C A A A G A G T C G G A C A C A A C T G A G C G A C T T C A C T T A C T T A C T T A C T T A C A G 47 9 
C C A T G G G H T C G C A A A G A G T C G G A C A C A A C T G A G C G A C T T C A C T T A C T T A C T T A C T T A C A G 47 9 
C C A T G G G S T C G C A A A G A G T C G G A C A C A A C T G A G C G A C T T C A C T T A C T T A C T T A C T T A C A G 47 9 
CCATGGGgTCGCAAAGAGTCGGACACAACTGAGCGACTTCACTTACTTACTTACTTACAG 47 9 
C C A T G G C ^ T C G C A A A G A G T C G G A C A C A A C T G A G C G A C T T C A C T T A C T T A C T T A C T T A C A G 47 9 
C C A T G G G S T C G C A A A G A G T C G G A C A C A A C T G A G C G A C T T C A C T T A C T T A C T T A C T T A C A G 47 9 

































********** **************** ************************** *** * 
TESTIS AGAGCCCTCTGGATGCTACTTCTGGGGAGTGGGAGCGAGACAGGAAATTAGGAACACACG 658 
OVARY AGAGCCCTCTGGATGCTACTTCTGGGGAGTGGGAGCGAGACAGGAAATTAGGAACACACG 658 
LIVER AGAGCCCTCTGGATGCTACTTCTGGGGAGTGGGAGCGAGACAGGAAATTAGGAACACACG 65 9 
LUNG AGAGCCCTCTGGATGCTACTTCTGGGGAGTGGGAGCGAGACAGGAAATTAGGAACACACG 659 
KIDNEY AGAGCCCTCTGGATGCTACTTCTGGGGAGTGGGAGCGAGACAGGAAATTAGGAACACACG 659 
HEART AGAGCCCTCTGGATGCTACTTCTGGGGAGTGGGAGCGAGACAGGAAATTAGGAACACACG 659 
SPLEEN AGAGCCCTCTGGATGCTACTTCTGGGGAGTGGGAGCGAGACAGGAAATTAGGAACACACG 659 
************************************************************ 
TESTIS GAGGCGGCTGCTTACTGTGACGCATGCCCCTTACTGTGAAGAGGGGATGGTTGAGAGACT 718 
OVARY GAGGCGGCTGCTTACTGTGACGCATGCCCCTTACTGTGAAGAGGGGATGGTTGAGAGACT 718 
LIVER GAGGCGGCTGCTTACTGTGACGCATGCCCCTTACTGTGAAGAGGGGATGGTTGAGAGACT 719 
LUNG GAGGCGGCTGCTTACTGTGACGCATGCCCCTTACTGTGAAGAGGGGATGGTTGAGAGACT 719 
KIDNEY GAGGCGGTTGCTTACTGTGACGCATGCCCCTTACTGTGAAGAGGGGATGGTTGAGAGACT 719 
HEART GAGGCGGCTGCTTACTGTGACGCATGCCCCTTACTGTGAAGAGGGGATGGTTGAGAGACT 719 
SPLEEN GAGGCGGCTGCTTACTGTGACGCATGCCCCTTACTGTGAAGAGGGGATGGTTGAGAGACT 719 
******* **************************************************** 
TESTIS AGGATAGTTTTTCCCAGACCATCAAAGCTTGGGGTGGGTGGCAGTGCGGTTGTTCTAAAG 778 
OVARY AGGATAGTTTTTCCCAGACCATCAAAGCTTGGGGTGGGTGGCAGTGCGGTTGTTCTAAAG 77 8 
LIVER AGGATAGTTTTTCCCAGACCATCAAAGCTTGGGGTGGGTGGCAGTGCGGTTGTTCTAAAG 77 9 
LUNG AGGATAGTTTTTCCCAGACCATCAAAGCTTGGGGTGGGTGGCAGTGCGGTTGTTCTAAAG 77 9 
KIDNEY AGGATAGTTTTTCCCAGACCATCAAAGCTTGGGGTGGGTGGCAGTGCGGTTGTTCTAAAG 77 9 
HEART AGGATAGTTTTTCCCAGACCATCAAAGCTTGGGGTGGGTGGCAGTGCGGTTGTTCTAAAG 779 
































Figure 16A. Multiple sequence alignment of 846/847 bp nucleotide 
sequences (similar to Adenylate kinase) from seven different tissues 
showing identical changes at six different positions in testis and ovary 
















-IRS PRCGTWEC PSGRVLVRGQL JC FAVKPSRSIFGIFI 





SLWICLREWKSLCFSCSLYIFT 60 LWICLREWKSLCFSCSLYIFT 60 
•LWICLREWKSLCFSCSLYIFT 60 
§LWICLREWKSLCFSCSLYIFT 60 LWICLREWKSLCFSCSLYIFT 60 LWICLREWKSLCFSCSLYIFT 60 















RLQSMGSQRVG 12 0 
RLQSMGSQRVG 120 
RLQSMGSQRVG 12 0 
RLQSMGSQRVG 12 0 












Figure 16B. Multiple sequence alignment of amino acid sequences deduced 
from 846/847 transcript, originating from seven different tissues. Please note the 
conspicuous C-terminal alterations and deletions of the residues in the gonads 








CACCTCTCCACCTGCCTCCAAGTCAAGGTGAGTTAGGAGTTAGATTTCCTCCTTTATGTA 6 0 
CACCTCTCCACCTGCCTCCAAGTCAAGGTGAGTTAGGAGTTAGATTTCCTCCTTTATGTA 60 
CACCTCTCCACCTGCCTCCAAGTCAAGGTGAGTTAGGAGTTAGATTTCCTCCTTTATGTA 60 
CACCTCTCCACCTGCCTCCAAGTCAAGGTGAGTTAGGAGTTAGATTTCCTCCTTTATGTA 6 0 
CACCTCTCCACCTGCCTCCAAGTCAAGGTGAGTTAGGAGTTAGATTTCCTCCTTTATGTA 6 0 
CACCTCTCCACCTGCCTCCAAGTCAAGGTGAGTTAGGAGTTAGATTTCCTCCTTTATGTA 6 0 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
CACCTCTCCACCTGCCCCCCAG--AGCTTCCCCCAGGTGCCTCTGGCTTGTCTCTGGCGA 58 














* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
CACCTCTGGTTCCTC--CCGTTCTCCTCATAGGCTCCTCAGAGCCTGGGGCCTTCC 112 
*** *** ** ** * 
LUNG GACTTAAAAGATCAAGAGAAGATGGACTATCTTATTAAAACTCTGGATTCTTAATGTGCA 180 
OVARY GACTTAAAAGATCAAGAGAAGATGGACTATCTTATTAAAACTCTGGATTCTTAATGTGCA 180 
LIVER GACTTAAAAGATCAAGAGAAGATGGACTATCTTATTAAAACTCTGGATTCTTAATGTGCA 180 
HEART GACTTAAAAGATCAAGAGAAGATGGACTATCTTATTAAAACTCTGGATTCTTAATGTGCA 180 
TESTIS GACTTAAAAGATCAAGAGAAGATGGACTATCTTATTAAAACTCTGGATTCTTAATGTGCA 180 
KIDNEY GACTTAAAAGATCAAGAGAAGATGGACTATCTTATTAAAACTCTGGATTCTTAATGTGCA 180 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
SPLEEN ---TCAAGAGGCTTCCTGAGCCCAGTCTCCCCCGCCTATCCCCAAGGTT GTGAACA 165 
LUNG CAGTGCCTGCACATGACACAGTGGTCAATAAATGCTTGTTGAATGTGTGATTATATAATA 240 
OVARY CAGTGCCTGCACATGACACAGTGGTCAATAAATGCTTGTTGAATGTGTGATTATATAATA 240 
LIVER CAGTGCCTGCACATGACACAGTGGTCAATAAATGCTTGTTGAATGTGTGATTATATAATA 240 
HEART CAGTGCCTGCACATGACACAGTGGTCAATAAATGCTTGTTGAATGTGTGATTATATAATA 240 
TESTIS CAGTGCCTGCACATGACACAGTGGTCAATAAATGCTTGTTGAATGTGTGATTATATAATA 240 
KIDNEY CAGTGCCTGCACATGACACAGTGGTCAATAAATGCTTGTTGAATGTGTGATTATATAATA 240 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
SPLEEN CCCTGAAAGCACA--GCATTTTGGT--ATCCCTGCCTTGCACCCAGTCCCTCACTCAGGG 2 2 1 
LUNG TTTTGAGCAATAAAATCTTAAATTAGAAGATAATTTGCCCCTTGATTCATACAGTATACT 300 
OVARY TTTTGAGCAATAAAATCTTAAATTAGAAGATAATTTGCCCCTTGATTCATACAGTATACT 300 
LIVER TTTTGAGCAATAAAATCTTAAATTAGAAGATAATTTGCCCCTTGATTCATACAGTATACT 300 
HEART TTTTGAGCAATAAAATCTTAAATTAGAAGATAATTTGCCCCTTGATTCATACAGTATACT 300 
TESTIS TTTTGAGCAATAAAATCTTAAATTAGAAGATAATTTGCCCCTTGATTCATACAGTATACT 300 
KIDNEY TTTTGAGCAATAAAATCTTAAATTAGAAGATAATTTGCCCCTTGATTCATACAGTATACT 300 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
SPLEEN CAGTAAACAGTAGGTGCTCAATTTGGATG-TGAACTATTCACAGAAGAAGCGAGTGAAAG 280 
* * * * * * ** ** ** ** 
LUNG CGACAAATTAAGAAGCCTTTCAACAGACTGAAGAAAGACAGCAAGATTGTAAAGTTACAG 360 
OVARY CGACAAATTAAGAAGCCTTTCAACAGACTGAAGAAAGACAGCAAGATTGTAAAGTTACAG 360 
LIVER CGACAAATTAAGAAGCCTTTCAACAGACTGAAGAAAGACAGCAAGATTGTAAAGTTACAG 360 
HEART CGACAAATTAAGAAGCCTTTCAACAGACTGAAGAAAGACAGCAAGATTGTAAAGTTACAG 360 
TESTIS CGACAAATTAAGAAGCCTTTCAACAGACTGAAGAAAGACAGCAAGATTGTAAAGTTACAG 360 
KIDNEY CGACAAATTAAGAAGCCTTTCAACAGACTGAAGAAAGACAGCAAGATTGTAAAGTTACAG 360 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
SPLEEN TGAAAGTGAATGTCACTCAGTCATGTCCAACTCTTTGCAACTCCATGGACTATACAGTCC 340 
** * * * * * * *** * * * * * * *** 
Figure 17 
nr^v^trll 
LDNG CAGATTCCTTCTAGATCAAACAGACTGCTTTCTCTCTAAGCCTGGGTGGTGGTGGTAGTG 42 0 
OVARY CAGATTCCTTCTAGATCAAACAGACTGCTTTCTCTCTAAGCCTGGGTGGTGGTGGTAGTG 420 
LIVER CAGATTCCTTCTAGATCAAACAGACTGCTTTCTCTCTAAGCCTGGGTGGTGGTGGTAGTG 420 
HEART CAGATTCCTTCTAGATCAAACAGACTGCTTTCTCTCTAAGCCTGGGTGGTGGTGGTAGTG 420 
TESTIS CAGATTCCTTCTAGATCAAACAGACTGCTTTCTCTCTAAGCCTGGGTGGTGGTGGTAGTG 420 
KIDNEY CAGATTCCTTCTAGATCAAACAGACTGCTTTCTCTCTAAGCCTGGGTGGTGGTGGTAGTG 42 0 
************************************************************ 
















* * * * * *** ** *** * * * * * * * 
LDNG GCTTCTCCAGCGATTGGATTTCTCAGTAAGAATACTGGAGTGGACTGCCATTTCTTTCTC 540 
OVARY GCTTCTCCAGCGATTGGATTTCTCAGTAAGAATACTGGAGTGGACTGCCATTTCTTTCTC 540 
LIVER GCTTCTCCAGCGATTGGATTTCTCAGTAAGAATACTGGAGTGGACTGCCATTTCTTTCTC 540 
HEART GCTTCTCCAGCGATTGGATTTCTCAGTAAGAATACTGGAGTGGACTGCCATTTCTTTCTC 54 0 
TESTIS GCTTCTCCAGCGATTGGATTTCTCAGTAAGAATACTGGAGTGGACTGCCATTTCTTTCTC 540 
KIDNEY GCTTCTCCAGCGATTGGATTTCTCAGTAAGAATACTGGAGTGGACTGCCATCTCCTTCTC 540 
*************************************************** ** ***** 
SPLEEN GAGCCACAAG-TGAAGAAGTGA--GGGATGCTCAGTAAAAGCCTATGGAAGAGTAGGTGG 514 















TTATAGTTCAAGGG-CCCTTACTCTG TTCTGCTCTC-TTCTCAGGCAGGTGGAGAGG 565 
** * ** *** * * * * * ** * * ** *********** 
LDNG TG 602 
OVARY TG 602 
LIVER TG 602 
HEART TG 602 
TESTIS TG 602 




Figure 17. Multiple alignment of 576 bp fragment from spleen with 602 bp 
ones from the other tissues. Note altogether different sequence in 576 bp 
fragment. 
^esuCts 
all the tissues including that in ovary (Figure 18). Similarly, the 324 bp 
fragment, though detected only in lung, testis and spleen also showed 
identical sequences (not shown). 
4.1.3.2 In the GACA tagged transcripts 
Our study demonstrated several single nucleotide changes and 
INDEL polymorphisms in most of the GACA-tagged transcripts. As 
mentioned above, only 9 transcripts were common amongst tissues and 
spermatozoa with the remaining ones restricted to a single tissue or 
sperm. For instance, among the transcripts detected exclusively in the 
different tissues, the 1.8 kb transcript (GenBank Accession numbers: 
DQ289479-DQ289486) depicted major alterations including insertions of 
36 and 4 bp exclusively in lung and several point nucleotide changes in 
lung/heart or testis/ovary besides a few randomly distributed ones (Figure 
19). The transcripts shared by spermatozoa and tissues also brought out 
some interesting features. For instance, the 1.3 kb transcript (GenBank 
Accession numbers DQ534902 and DQ534903) showing homology with 
NFATC2 gene demonstrated the insertion of 10 bp and several single-
nucleotide variations exclusively in spermatozoa (Figure 20). 
Next, the point nucleotide changes detected in transcript similar to 
HBGF-1 gene (GenBank Accession no. DQ534904) were either common 
to different tissues, or in the spermatozoa (Figure 21). Similarly, random 
deletions, insertions and transversion/transition at various points of 635 bp 
transcript similar to WASF2 gene, were detected only in testis compared to 
that in other tissues and spermatozoa (Figure 22). Interestingly, the 550 bp 
Ankyrin repeat domain-26 (GenBank Accession number: DQ534906) 
showed identical nucleotide sequences in both the testis and sperm, but 
polymorphism at several points in the ovary. This transcript was not 
detected in any of the somatic tissues (Figure 23). Remaining transcripts 
such as 3-transducin repeat and the novel 450 bp and 209 bp ones (Table 
11) showed identical sequences amongst the tissues except for a few 











S p l e e n 
Kidney 
jLiver 
CACCTCTCCACCTGCCCACGAGACCACCACACCCTCTACCATTCCTGCATGCCAGATAGA 6 0 
CACCTCTCCACCTGCCCACGAGACCACCACACCCTCTACCATTCCTGCATGCCAGATAGA 6 0 
CACCTCTCCACCTGCCCACGAGACCACCACACCCTCTACCATTCCTGCATGCCAGATAGA 6 0 
CACCTCTCCACCTGCCCACGAGACCACCACACCCTCTACCATTCCTGCATGCCAGATAGA 6 0 
CACCTCTCCACCTGCCCACGAGACCACCACACCCTCTACCATTCCTGCATGCCAGATAGA 6 0 
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GTCTCAGCAGGAGAGCTGGGAAGCGGAAACACATGCTTCACCCCAGCCAGCAGGCCCTCA 4 20 
GTCTCAGCAGGAGAGCTGGGAAGCGGAAACACATGCTTCACCCCAGCCAGCAGGCCCTCA 4 20 






GCCCAGCTAGATGAAATCATCCCTTTGAGTCTGTACTCTTCTCCTTGGCCTGGCAGGTGG 4 80 
GCCCAGCTAGATGAAATCATCCCTTTGAGTCTGTACTCTTCTCCTTGGCCTGGCAGGTGG 4 80 
GCCCAGCTAGATGAAATCATCCCTTTGAGTCTGTACTCTTCTCCTTGGCCTGGCAGGTGG 4 8 0 
GCCCAGCTAGATGAAATCATCCCTTTGAGTCTGTACTCTTCTCCTTGGCCTGGCAGGTGG 4 80 
GCCCAGCTAGATGAAATCATCCCTTTGAGTCTGTACTCTTCTCCTTGGCCTGGCAGGTGG 4 80 
GCCCAGCTAGATGAAATCATCCCTTTGAGTCTGTACTCTTCTCCTTGGCCTGGCAGGTGG 4 80 
GCCCAGCTAGATGAAATCATCCCTTTGAGTCTGTACTCTTCTCCTTGGCCTGGCAGGTGG 4 80 
MUM 
Figure 18. Multiple nucleotide sequence alignment showing 
conservation of 487 bp fragment across the tissues. 
Testis ACAGACAGACAGACAGTGGCAGGGTCTACCCTGAAATCAGTCCAGTTCAGTCACTC 5 6 
Ovary ACAGACAGACAGACAGTGGCAGGGTCTACCCTGAAATCAGTCCAGTTCAGTCACTC 5 6 
Spleen A C A G A C A G A C A G A C A G A C A G T G G C A G G G T C T A C C C T G A A A T C A G T C C A G T T C A G T C A C T C 6 0 
Liver A C A G A C A G A C A G A C A G T G G C A G G G T C T A C C C T G A A A T C A G T C C A G T T C A G T C A C T C 56 
Lung A C A G A C A G A C A G A C A G C G G C A G G A T C T A C C T T G A A A T C A G T T C A G T T C A G T C A C T C 56 
Heart A C A G A C A G A C A G A C A G T G G C A G G G T C T A C C C T G A A A T C A G T C C A G T T C A G T C A C T C 5 6 
Brain A C A G A C A G A C A G A C A G T G G C A G G G T C T A C C C T G A O A T C A G T C C A G T T C A G T C A C T C 5 6 
Testis A G T C T T A T C C G A C T C T T T G C G A C C C T A T G G A C T G C A G C A C A C C A G G C T T C C C T G T C C A T C 116 
Ovary A G T C T T A T C C G A C T C T T T G C G A C C C C A T G G A C T G C A G C A C A C C A G G C T T C C C T G T C C A T C 116 
Spleen A G T C T T A T C C G A C T C T T T G C G A C C C C A T G G A C T G C A G C A C A C C A G G C T T C C C T G T C C A T C 12 0 
L ive r A G T C T T A T C C G A C T C T T T G C G A C C C C A T G G A C T G C A G C A C A C C A G G C T T C C C T G T C C A T C 116 
Lung A G T C G T A T C C G A C T C T T T G T G A C C C C A T G G A C T G C A G C A C G C C A G G C T T T C C T G T C C A T C 116 
Heart A G T C T T A T C C G A C T C T T T G T G A C C C C A T G G A C T G C A G C A C G C C A G G C T T C C C T G T C C A T C 116 
Brain A G T C T T A T C C G A C T C T T T G C G A C C C C A T G G A C T G C A G C A C G C C A G G C T T C C C T G T C C A T C 116 
Testis G A A T C C G T G A T G C C A T C C A A C C A C 140 
Ovary GAATCCGTGATGCCATCCAACCAC 14 0 
Spleen GAATCCGTGATGCCATCCAACCAC 144 
L iver GAATCCGTGATGCCATCCAACCAC 14 0 
L u n g H B J I ^ ^ ^ H ^ ^ ^ ^ ^ ^ ^ I ^ ^ m i J j J I ^ ^ ^ ^ ^ ^ B m G A A T C C G T G A T G C C A T C C A A C C A C 
H e a r t GAATCCGTGATGCCATCCAACCAC 1 4 0 
B r a i n GAATCCGTGATGCCATCCAACCAC 1 4 0 
T e s t i s CTCCTCCTCTGTCATCCCCTTCTCCTCCTGCCTTTAATCTTTCCCAGCATCAGGGTATTT 2 00 
O v a r y C T C C T C C T C T G T C A T C C C C T T C T C C T C C T G C C T T T A A T C T T T C C C A G C A T C A G G G T A T T T 2 00 
S p l e e n C T C C T C C T C T G T C A T C C C C T T C T C C T C C T G C C T T T A A T C T T T C C C A G C A T C A G G G T A T T T 2 0 4 
L i v e r C T C C T C C T C T G T C A T C C C C T T C T C C T C C T G C C T T T A A T C T T T C C C A G C A T C A G G G T A T T T 2 0 0 
L u n g T T C C T C C T C T G T C A T C C C C T T C T C T T C C T G C C T T T A A T C T T T C C C A G C A T C A G G G T A T T T 2 3 6 
H e a r t C T C C T C C T C T G T C A T C C C C T T C T C C T C C T G C C T T T A A T C T T T C C C A G C A T C A G G G T A T T T 2 0 0 
B r a i n C T C C T C C T C T G T C A T C C C C T T C T C C T C C T G C C T T T A A T C T T T C C C A G C A T C A G G C T A T T T 2 0 0 
T e s t i s T C A A A T G A G T C A G T T C T T C G C A T C A G G T G G C C A A A G G A T T G G A G T T T C A G C T T C A A C A C C 2 6 0 
O v a r y T C A A A T G A G T C A G T T C C T C G C A T C A G G T G G C C A A A G G A T T G G A G T T T C A G C T T C A A C A C C 2 6 0 
S p l e e n T C A A A T G A G T C A G T T C T T C G C A T C A G G T G G C C A A A G G A T T G G A G T T T C A G C T T C A A C A C C 2 64 
L i v e r T C A A A T G A G T C A G T T C T T C G C A T C A G G T G G C C A A A G G A T T G G A G T T T C A G C T T C A A C A C C 2 6 0 
L u n g T C A A A T A A G T C A G T T C T T C A C A T C A G A T G G C C A A A T G A T T G G A G T T T C A G C T T C A G C A T C 2 96 
H e a r t T C A A A T G A G T C A G T T C T T C G C A T C A G G T G G C C A A A G G A T T G G A G T T T C A G C T T C A A C A C C 2 6 0 
B r a i n T C A A A T G A G T C A G T T C T T C G C A T C A G G T G G C C A A A G G A T T G G A G T T T C A G C T T C G A C A C C 2 6 0 
****** ********* ** ****** ******** ****************** ** * 
T e s t i s A G T C C T T C C A A T G A A T A T T C A G G A C T T A T T T C C T T T A G G A T G G A C T G G T T A G A T C T C C T T 3 2 0 
O v a r y A G T C C T T C C A A T G A A T A T T C A G G A C T T A T T T C C T T T A G G A T G G A C T G G T T A G A T C T C C T T 3 2 0 
S p l e e n A G T C C T T C C A A T G A A T A T T C A G G A C T T A T T T C C T T T A G G A T G G A C T G G T T A G A T C T C C T T 3 2 4 
L i v e r A G T C C T T C C A A T G A A T A T T C A G G A C T T A T T T C C T T T A G G A T G G A C T G G T T A G A T C T C C T T 3 2 0 
L u n g A G T T C T T C C A A T G A A T A T T C A G G A T T G A T T T C G T T T A G G A T G G A C C G G T T A G A T C T C C T T 3 56 
H e a r t A G T C C T T C C A A T G A A T A T T C A G G A C T T A T T T C C T T T A G G A T G G A C T G G T T A G A T C T C C T T 3 2 0 
B r a i n A G T C C T T C C A A T G A A T A T T C A G G A C T T A T T T C C T T T A G G A T G G A C T G G T T A G A T C T C C T T 3 2 0 
T e s t i s G C T G T C C A A G G G A C T C T C A A G A G T C T T C T C C A A C A C C A C A C A A C A G T T C A A A A G C A C C A A 3 8 0 
O v a r y G C T G T C C A A G G G A C T C T C A A G A G T C T T C T C C A A C A C C A C A C A A C A G T T C A A A A G C A C C A A 3 80 
S p l e e n G C T G T C C A A G G G A C T C T C A A G A G T C T T C T C C A A C A C C A C A C A A C A G T T C A A A A G C A C C A A 3 8 4 
L i v e r G C T G T C C A A G G G A C T C T C A A G A G T C T T C T C C A A C A C C A C A C A A C A G T T C A A A A G C A C C A A 3 8 0 
L u n g G C T G T C C A A G G G A C T C T C A A G A G T C T T C T C C A A C A C C A C A C G A C A G T T C A A A A G C G C C A G 4 1 6 
H e a r t G C T G T C C A A G G G A C T C T C A A G A G T C T T C T C C A A C A C C A C A C G A C A G T T C A A A A G C A C C A A 3 8 0 
B r a i n G C T G T C C A A G G G A C T C T C A A G A G T C T T C T C C A A C A C C A C A C A A C A G T T C A A A A G C A C C A A 3 8 0 
T e s t i s T T C T T C A G T G C T C A G A - ATTCTATTTTTT - G A A A T G G G C G T C C C C T A T T T C A A A G T G A G A 4 3 8 
O v a r y TTCTTCAGTGCTCAGA-ATTCTATTTTTT-GAAATGGGCGTCCCCTATTTCAAAGTGAGA 4 3 8 
S p 1 e e n TTCTTCAGTGCTCAGA-ATTCTATTTTTTTGAAATGGGCGTCCCCTATTTCAAAGTGAGA 4 4 3 
L i v e r TTCTTCAGTGCTCAGA-ATTCTATTTTTTTGAAATGGGCGTCCCCTATTTCAAAGTGAGA 4 3 9 
L u n g TTCTTCGGTGCTCAGCTATTTTATTTTTTTGAAGTGGGCATCCCCTATTTCAAAGTGAGA 4 7 6 
H e a r t T T C T T C A G T G C T C A G A - A T T T T A T T T T T T T G A A A T G G G C G T C C C C T A T T T C A A A G T G A G A 4 3 9 
B r a i n TTCTTCAGTGCTCAGA-ATTTTATTTTTTTGAAATGGGCGTCCCCTATTTCAAAGTGAGA 4 3 9 
****** ******** *** ******** *** ***** ******************** 
T e s t i s CCAGGGCCCAAGGGCTGAGAGGATCCTCCACCTACCTCTAAGGCTTCAAAAACCAGACCA 4 98 
O v a r y CCAGGGCCCAAGGGCTGAGAGGATCCTCCACCTACCTCTAAGGCTTCAAAAACCAGACCA 4 98 
S p l e e n CCAGGGCCCAAGGGCTGAGAGGATCCTCCACCTACCTCTAAGGCTTCAAAAACCAGACCA 5 0 3 
L i v e r CCAGGGCCCAAGGGCTGAGAGGATCCTCCACCTACCTCTAAGGCTTCAAAAACCAGACCA 4 9 9 
L u n g CCAGGGCCCAAGGGCTGAGGGGATCCTTTGCCTAGCTCTAGGGCTTCAAAAACCAGACAA 5 3 6 
H e a r t CCAGGGCCCAAGGGCCGAGAGGATCCTCCACCTACCTCTAAGGCTTCAAAAACCAGACCA 4 9 9 
B r a i n CCAGGGCCCAAGGGCCGAGAGGATCCTCCACCTACCTCTAAGGCTTCAAAAACCAGACCA 4 9 9 
T e s t i s GAGAAATAGGATCCCAGAGAGCAGGAATTCATTCACCCCTGCAGCTGATGAAATTAGAGC 5 5 8 
O v a r y GAGAAATAGGATCCCAGAGAGCAGGAATTCATTCACCCCTGCAGCTGATGAAATTAGAGC 5 5 8 
S p l e e n GAGAAATAGGATCCCAGAGAGCAGGAATTCATTCACCCCTGCAGCTGATGAAATTAGAGC 5 6 3 
L i v e r GAGAAATAGGATCCCAGAGAGCAGGAATTCATTCACCCCTGCAGCTGATGAAATTAGAGC 5 5 9 
L u n g G A G A A A G A G G A T C C C A G A G A G C A G G A A T T C A T T C A C C C C T G C A G C T G A T G A A A T T A G A G C 5 9 6 
H e a r t G A G A A A T A G G A T C C C A G A G A G C A G G A A T T C A C T C A C C C C T G C A G C T G A T G A A A T T A G A G C 5 5 9 
B r a i n G A G A A A T A G G A T C C C A G A G A G C A G G A A T T C A C T C A C C C C T G C A G C T G A T G A A A T T A G A G C 5 5 9 
T e s t i s C T G C A T G T G G A T G T C J L A T C C A G G A A G G C A A G T G G A G A G T C C C A T C C T G G G G A C T C C C T T C 6 1 8 
O v a r y C T G C A T G T G G A T G T C A A T C C A G G A A G G C A A G T G G A G A G T C C C A T C C T G G G G A C T C C C T T C 6 1 8 
S p l e e n C T G C A T G T G G A T G T C A A T C C A G G A A G G C A A G T G G A G A G T C C C A T C C T G G G G A C T C C C T T C 6 2 3 
L i v e r C T G C A T G T G G A T G T C A A T C C A G G A A G G C A A G T G G A G A G T C C C A T C C T G G G G A C T C C C T T C 6 1 9 
L u n g C T G C G T G T G G A T G T C A A T C C A G G A A G G C A A G T G G A G A G T C C C A T C C T G G G G A C T C C C T T C 6 5 6 
H e a r t C T G C A T G T G G A T G T C A A T C C A G G A A G G C A A G T G G A G A G T C C C A T C C T G G G G A C T C C C T T C 6 1 9 










GGTTTCTTAGCAAGGTCCAAGGGAGGGAACTACCAAAGGTGGGCTTAGGAGAGGAGCCCA 67 8 
GGTTTCTTAGCAAGGTCCAAGGGAGGGAACTACCAAAGGTGGGCTTAGGAGAGGAGCCCA 67 8 
GGTTTCTTAGCAAGGTCCAAGGGAGGGAACTACCAAAGGTGGGCTTAGGAGAGGAGCCCA 6 83 
GGTTTCTTAGCAAGGTCCAAGGGAGGGAACTACCAAAGGTGGGCTTAGGAGAGGAGCCCA 6 7 9 
AGTTTCTTAGCAAGGTCCAAGGGAGGGAGCTACCAAAGGTGGGCTCAGGAGAGGAGCCCA 716 
GGTTTCTTAGCAAGGTCCAAGGGAGGGAACTACCAAAGGTGGGCTCAGGATAGGAGCCCA 67 9 
GGTTTCTTAGCAAGGTCCAAGGGAGGGAACTACCAAAGGTGGGCTTAGGAGAGGAGCCCA 67 9 
************************^ **************** 








CCTGGCCACAGTGGGTCTTCCCTCCCATGTTTCAGTACCAGAAACGTAAGGCAAGCGCGA 7 3 8 
CCTGGCCACAGTGGGTCTTCCCTCCCATGTTTCAGTACCAGAAACGTAAGGCAAGCGCGA 7 3 8 
CCTGGCCACAGTGGGTCTTCCCTCCCATGTTTCAGTACCAGAAACGTAAGGCAAGCGCGA 7 43 
CCTGGCCACAGTGGGTCTTCCCTCCCATGTTTCAGTACCAGAAACGTAAGGCAAGCGCGA 7 3 9 
CCTGGCCGCAGTTGGTCTTCCCTCCCATGTTTCAGTACCAGAAACGTAAGGCAAGCGCGA 7 7 6 
CCTGGCCACAGTGGGCCTTCCCTCCCATGTTTTAGTACCAGAAACGTAAGGCAAGCGCGA 7 3 9 
CCTGGCCACAGTGGGTCTTCCCTCCCATGTTTCAGTACCAGAAACGTAAGGCAAGCGCGA 7 3 9 








TGAAAAAGAGAGTGAGCCAGGCATTCAAGCAAAGAAAGATTTATTATAGGAAGAAAGAAA 7 98 
TGAAAAAGAGAGTGAGCCAGGCATTCAAGCAGAGAAAGATTTATTATAGGAAGAAAGAAA 7 98 
TGAAAAAGAGAGTGAGCCAGGCATTCAAGCAGAGAAAGATTTATTATAGGAAGAAAGAAA 8 03 
TGAAAAAGAGAGTGAGCCAGGCATTCAAGCAGAGAAAGATTTATTATAGGAAGAAAGAAA 7 9 9 
T G A A A A A G A G A G T G A G C C A G G C A T T C A A G C A G A G A A A G A T T T A T T A T A G G A A G A A A G A A A 8 3 6 
T G A A A A A G A G A G T G A G C C A G G C A T T C A A G C A G A G A A A G A T T T A T T A T A G G A A G A A A G A A A 7 9 9 
T G A A A A A G A G A G T G A G C C A G G C A T T C A A G C A G A G A A A G A T T T A T T A T A G G A A G A A A G A A A 7 9 9 








GAAA T T G A C T A T A G A G A G A A A C C A G T G C T C T A T T T T T A C A G C C A A C C C T T C T T A T A 854 
G A A A T T G G C T A T A G A G A G A A A C C A G T G C T C T A T T T T T A C A G C C A A C C C T T C T T A T A 854 
GAAA T T G G C T A T A G A G A G A A A C C A G T G C T C T A T T T T T A C A G C C A A C C C T T C T T A T A 8 59 
GAAA T T G G C T A T A G A G A G A A A C C A G T G C T C T A T T T T T A C A G C C A A C C C T T C T T A T A 8 55 
GAAAHBBCTGGCTATTGAGAGAAACCAGTGCTCTCTTTTTACAGCCAACCCTTCTTATA 8 9 6 
GAAA T T G G C T A T A G A G A G A A A C C A G T G C T C T A T T T T T A C A G C C A A C C C T T C T T A T A 8 5 5 
GAAA T T G G C T A T A G A G A G A A A C C A G T G C T C T A T T T T T A C A G C C A A C C C T T C T T A T A 8 5 5 








C C C T A T C G A T G G G A A A T T G T G C C C T G G A G G A A G G G G G C T T C A G T T T A T C T T T A G C C C A C A 9X4 
C C C T A T C G A T G G G A A A T T G T G C C C T G G A G G A A G G G G G C T T C A G T T T A T C T T T A G C C C A C A 914 
C C C T A T C G A T G G G A A A T T G T G C C C T G G A G G A A G G G G G C T T C A G T T T A T C T T T A G C C C A C A 919 
C C C T A T C G A T G G G A A A T T G T G C C C T G G A G G A A G G G G G C T T C A G T T T A T C T T T A G C C C A C A 915 
C C C T A T C G A T G G G A A A T T G T G C C C T G G A G G A A G G G G G C C T C A G T T T A T C T T T A G C C T G C A 9 5 6 
C C C T A T C G A T G G G A A A T T G T G C C C T G G A G G A A G G G G G C T T C A G T T T A T C T T T A G C C C T C A 915 
C C C T A T C G A T G G G A A A T T G T G C C C T G G A G G A A G G G G G C T T C A G T T T A T C T T T A G C C C A C A 915 















G C T G G G G T C T T A T G G T C A C T T A G T C G A A G G G G T C T C A C A G T C G G G T G G T C A C A T A G T C T T 974 
G C T G G G G T C T T A T G G T C A C T T A G T C G A A G G G G T C T C A C A G T C G G G T G G T C A C A T A G T C T T 97 4 
G C T G G G G T C T T A T G G T C A C T T A G T C G A A G G G G T C T C A C A G T C G G G T G G T C A C A T A G T C T T 97 9 
G C T G G G G T C T T A T G G T C A C T T A G T C G A A G G G G T C T C A C A G T C G G G T G G T C A C A T A G T C T T 97 5 
G C T G G G G T C T T A T G G T C A C T T A G T C A A A G G G G C C T C A C A G T C G G G T G G T C A C G T A G T C T T 1016 
G C T G G G G T C T T A T G G T C A C T T A G T T G A A G G G G T C T C A C A G T C G G G T G G T C A C A T A G T C T T 97 5 
G C T G G G G T C T T A T G G T C A C T T A G T C G A A G G G G T C T C A C A G T C G G G T G G T C A C A T A G T C T T 97 5 
************************ ****** ******************* ******* 
G A G A A A C T G G C A C C A G C A G G - A A A A A C A G G A T A T C G C C T T A A G G A A G G T A C A G T C T G C C C 103 3 
G A G A A A C T G G C A C C A G C A G G - A A A A A C A G G A T A T C G C C T T A A G G A A G G T A C A G T C T G C C C 103 3 
G A G A A A C T G G C A C C A G C A G G - A A A A A C A G G A T A T C G C C T T A A G G A A G G T A C A G T C T G C C C 103 8 
GAGAAGCTGGCACCAGCAGG - A A A A A C A G G A T A T C G C C T T A A G G A A G G T A C A G T C T G C C C 1034 
G A G A A A C T G G C A C C A G C A G G G A A A A A C A G G A T A T C G C C T T A A G G T A G G T A C A G T C T G C C C 107 6 
GAGAAACTGACACCAGCAGG - A A A A A C A G G A T A T C A C C T T A A G G A A G G T A C A G T C T G C C C 103 4 
GAGAAACTGGCACCAGCAGG - AAAAACAGGATATCGCCTTAAGGAAGGTACAGTCTGCCC 103 4 








ATATTTTAACAATACGCTATGAGCCCCTTGAGAACTGTAGCATGTGCAATGTTTTTCTAA 115 2 
ATATTTTAACAATACGCTATGAGCCCCTTGAGAACTGTAGCATGTGCAATGTTTTTCTAA 115 2 
ATATTTTAACAATACGCTATGAGCCCCTTGAGAACTGTAGCATGTGCAATGTTTTTCTAA 1157 
ATATTTTAACAATACGCTATGAGCCCCTTGAGAACTGTAGCATGTGCAATGTTTTTCTAA 115 3 
ATATTTTAACAATACGCTATGAGCCCCTTGAGAACTGTGGCATGTGCAATGTTTTTCTAA 119 6 
ATATTTTAACAATACACTATGAGCCCCTTGAGAACTGTAGCATGTGCAATGTTTTTCTAA 115 3 
ATATTTTAACAATACGCTATGAGCCCCTTGAGAACTGTAGCATGTGCAATGTTTTTCTAA 115 3 













GTTGGATCCCATTGCAGAGGCCTATAGGTACATGTTCACACTTATTATGGGGGGG-CCTC 12 5 5 
GTTGGATCCCATCGCAGAGGACTATACATACATGTTCACACTTATTATGGGGGGG-CCTC 1212 
GTTGGATCCCATCACAGAGACCTATACATACATGTTCACACTTATTATGGGGGGGGCCTC 1213 











CCTTTTTGACCTCCAAGAAGCCTTCCTGCACATGTGCACACAGGGAAGTCTTCCTTAACC 12 7 6 
CCTTTTTGACCTCCAAGAAGCCTTCCTGCACATGTGCACACAGGGAAGTCTTCCTTAACC 12 7 2 
C C T T T T T G A C C T C C A A G A A G C C T T C C T G A A C A T G T G C A C A C A G G G A A G T C T T C C T T A A C C 1315 
CCTTTTTGACCTCCAAGAAGCCTTCCTGCACATGTGCACACAGGGAAGTCTTCCTTAACC 12 7 2 
C C T T T T T G A C C T C C A A G A A G C C T T C C T G C A C A T G T G C A C A T A G G G A A G T C T T C C T T A A C C 12 7 3 
**************************** *********** ******************* 
Testis T C A G G A G T G G G C A C C T T A T C T C T G C T T C A G C A G A G C T C A A C T T T T G C C A C T A A C T T T G T C 13 31 
Ovary T C A G G A G T G G G C A C C T T A T C T C T G C T T C A G C A G A G C T C A A C T T T T G C C A C T A A C T T T G T C 13 31 
Spleen T C A G G A G T G G G C A C C T T A T C T C T G C T T C A G C A G A G C T C A A C T T T T G C C A C T A A C T T T G T C 133 6 
^^ver T C A G G A G T G G G C A C C T T A T C T C T G C T T C A G C A G A G C T C A A C T T T T G C C A C T A A C T T T G T C 13 3 2 
^^^g T C A G G A G T G G G C A C C T T A T C T C T G C T T C A G C A G A G C T C A A C T T T T G C C A C T A A C T T T G T C 13 7 5 
Heart C C A G G A G T G G G C A C C T T A T C T C T G C T T C A G C A G A G C T C A A C T T T T G C C A C T A A C T T T G T C 13 3 2 
Brain T C A G G A G T G G G C A C C T T A T C T C T G C T T C A G C A G A G C T C A A C T T T T G C C A C T A A C T T T G T C 13 3 3 
k * * * * * ^ k * * * * * ^ • * * « * * * * * * * * * * * * , * * * * * * * * , , * , 
Figure 19 
Contd/-
Testis CTTGGAATGAGAACAAAGCTTGAATTTTATTCCACCTGACAAATGCCACGTGTCCAGCCC 1391 
Ovary CTTGGAATGAGAACAAAGCTTGAATTTTATTCCACCTGACAAATGCCACGTGTCCAGCCC 1391 
Spleen CTTGGAATGAGAACAAAGCTTGAATTTTATTCCACCTGACAAATGCCACGTGTCCAGCCC 1396 
Liver CTTGGAATGAGAACAAAGCTTGAATTTTATTCCACCTGACAAATGCCACGTGTCCAGCCC 1392 
Lung CTTCGAGTGAGAACAAAGCTTGAATTTTATTCCACCTGACAAATACCAGGTGTCCAGCCC 143 5 
Heart C T T G G A A T G A G A A C A A A G C T T G A A T T T T A T T C C A C C T G A C A A A T G C C A C G T G T C C A G C C C 13 92 
Brain CTTGGAATGAGAACAAAGCTTGAATTTTATTCCACCTGACAAATGCCACGTGTCCAGCCC 1393 








AGAGGCCCACTGTTGCCTAC- TCACCAGAACCCAGGTCGGTACCACTTCTGGGGACCCAC 145 0 
AGAGGCCCACTGTTGCCTAC-TCACCAGAACCCAGGTCGGTACCACTTCTGGGGACCCAC 145 0 
AGAGGCCCACTGTTGCCTAC- TCACCAGAACCCAGGTCGGTACCACTTCTGGGGACCCAC 1455 
AGAGGCCCACTGTTGCCTAC- TCACCAGAACCCAGGTCGGTACCACTTCTGGGGACCCAC 1451 
AGAGGCCCACTGTTGCCTACCTCACTAGAATCCGGGTCGGTACCACTTCTGGGGACCCAC 1495 
AGAGGCCCACTGTTGCCTAC-TCACCAGAACCCGGGTCGGTACCACTTCTGGGGACCCAC 1451 
AGAGGCCCACTGTTGCCTAC- TCACCAGAACCCAGGTCGGTACCACTTCTGGGGACCCAC 1452 























CCATCCCTGTGGCCTTAGGTGAAGCTGAGGCTCCTGCCACTGCCTTGTCTGTGGAGCACG 157 0 
CCATCCCTGTGGCCTTAGGTGAAGCTGAGGCTCCTGCCACTGCCTTGTCTGTGGAGCACG 157 0 













GCTGCACAATGCCTTTTCTCTCTCCTGGAACTGGTCATCGTTCTGCAGAGCTGGGTCCCC 163 0 
GCTGCACAATGCCTTTTCTCTCTCCTGGAACTGGTCATCGTTCTGCAGAGCTGGGTCCCC 163 0 
GCTGCACAATGCCTTTTCTCTCTCCTGGAACTGGTCATCGTTCTGCAGAGCTGGGTCCCC 1635 
GCTGCACAATGCCTTTTCTCTCTCCTGGAACTGGTCATCGTTCTGCAGAGCTGGGTCCCC 1631 
GCTGTATGACGCCTTTTCTCTCTCCTGGAATTGGTCATCGTTCTGCCCAGCTGGGTCCCC 167 5 
GCTGCACAATGCCTTTTCTCTCTCCTGGAACTGGTCATCGTTCTGCAGAGCTGGGTCCCC 1631 
GCTGCACAATGCCTTTTCTCTCTCCTGGAACTGGTCATCGTTCTGCAGAGCTGGGTCCCC 1632 











TCAGCCAAGGAGGAGGGAACTCTGTCTTGGTGGAGGAAGAAGATGAGTCTTTCTCATCCT 16 91 
TCGGCCAAGGAGGAGGGAACCCTGTCTTGGTGAAGGAAGAAGATGAGTCTTTCTCATCCT 173 5 
TCAGCCAAGGAGGAGGGAACTCTGTCTTGGTGGAGGAAGAAGATGAGTCTTTCTCATCCT 16 91 
TCAGTCAAGGAGGAGGGAACTCTGTCTTGGTGGAGGAAGAAGATGAGTCTTTCTCATCCT 16 92 
** * *************** *********** *************************** 
Testis TCCCTCAATCTTCTGAGCCAGGTGCTTGGGGCTTTGCCTGTTTCTTTCTTCAGATGTGCG 1750 
Ovary TCCCTCAATCTTCTGAGCCAGGTGCTTGGGGCTTTGCCTGTTTCTTTCTTCAGATGTGCG 175 0 
Spleen TCCCTCAATCTTCTGAGCCAGGTGCTTGGGGCTTTGCCTGTTTCTTTCTTCAGATGTGCG 1755 
Liver TCCCTCAATCTTCTGAGCCAGGTGCTTGGGGCTTTGCCTGTTTCTTTCTTCAGATGTGCG 1751 
Lung TCCCTCAATCTTCTGAGCCAGGTGCTTGGGGCTTTGCCTGTTTCTTTCTTCAGATGTGCG 1795 
Heart TCCCTCCATCTTCTGAGCCAGGTGCTTGGGGCTTTGCCTGTTTCTTTCTTCAGATGTGCG 1751 










TGTGTCTGTCTGTCTGT 176 7 
TGTGTCTGTCTGTCTGT 177 2 
TGTGTCTGTCTGTCTGT 176 8 
TGTGTCTGTCTGTCTGT 1812 
TGTGTCTGTCTGTCTGT 176 8 
TGTGTCTGTCTGTCTGT 176 9 
***************** 
Figure 19. Multiple sequence alignment of GACA-tagged 1.8 kb transcripts from 
different somatic and gonadal tissues. Note the single nucleotide variations 
throughout the sequence. The variations shared by gonads and somatic tissues 
are highlighted in red, the ones common to somatic tissues in blue and gonad 
specific in pink. Note the exclusive major insertions of 36 and 5 bp in lung, 
highlighted in blue background, which were reconfirmed by sequencing this 
fragment from 5 different animals. 
SPERM 
Te s t i s 
O v a r y 
Spl e e n 
Li v e r 
Ki d n e y 
ACAGACAGACAGACACTAGTGrTCOCTGrOCAGGCCaACCrGGAGGAOOCACCrGGGOTG 6 0 
ACAGACAGACAGACAGCAGTGTTCCCTGTCCAGGCCaACCrGGAGGACCCACCTCKiGGTG 6 0 
ACAGACAGACAGACAGCAGrGTTCCCTGrCCAGGCcSACCrGGAGGACCCACCTGGGGrG 6 0 
ACAGACAGACAGACAGCAGTGrTCCCTGrCCAGGCCSACCTGGAGGACCCACCrGGGGTG 6 0 
ACAGACAGACAGACAGCAGTGTTCCCTGTCCAGGCCf ACCrGGAGGACCCACCTGGGGrG 6 0 
ACAGACAGACAGACAGCAGrGTTCCCrGrCCAGGCCEACCrGGAGGACCCACCTGGGGrG 6 0 
• • • * • * • * * * * • * • * • • • • * * • * • * • * * * * * * * * * * * * * * * • * * * * * * • • • • * * • • • • » 
SPERM 
Te s t i s 
O v a r y 
Spl e e n 
Li v e r 
Ki d n e y 
AATTTCCrrCACTTAGrCriTGCrGCCGCGGC-CGACrACCCGrCAGCCACTGrTGCrAG 120 
AATTTCCrTCACTTAGrCTTTGCrQCCGCGGCrCGACTACCCETCAGCCACrGrTGCTAG 1 20 




« * * * * * * * * * * > K * * « « i t < > l < > l < * * * * * * * * * * > * < > K > * < > K * * * * * * * * * * * * * * * * * * * * * * * * * * 
SPERM 
Te s t i s 
O v a r y 
S p l e e n 
Li v e r 
Ki d n e y 
TGAAAGTAAACAaXATACGGGCrACACCAAGGGCACCCrGrTGATTCAGAGCrCGTAAA 1 80 
TGAAAGTAAACACCCATACGGGCTACACCAAGGGCACCCTGTTGATTCAGAGCTCGTAAA 1 80 
TGAAAGTAAACACXrCATACGGGCTACACCAAGGGCACCXrrGrTGATTCAGAGCrCGrAAA 1 80 
TGAAAGTAAACACCCATACGGGCTACACCAAGGGCACCCTGrTGATTCAGAGCTCGTAAA 180 
TGAAAGTAAACACCCATACGGACTACACCAAGGGCACCCTGTTGATTCAGAGCrCXJrAAA 1 80 
TGAAAGTAAACACCCATACGGGCTACACCAAGGGCACCCrGrTGATTCAGAGCrCGrAAA 1 80 
* • • • • * • • • • * * * • * • • • • * * • * * * * * • • • • * * I i * * « « * * « * * * * « * « * * * > ^ 4 i 4 ' * 4 
SPERM 
Te s t i s 
O v a r y 
Spl e e n 
Li v e r 
Ki d n e y 
ACCCAGGAGCCCCAAGCCACTTTATGACGrGCCAGAATCCAGGGGCAGGAGCAASGCCrG 2 4 0 
ACCCAGGAGCCCCAAGCCACTTTATGACGTGCCAGAATCCAGGGGCAGGAGCAAAGCCTG 2 4 0 
ACCCAGGAGCCCCAAGCCACrTTATGACGTGCCCXJAGrCCAGGGGCAGGAGCAAAGCCrG 2 4 0 
CrCCAGGAGCCCCAAGCCACTTTATGACGTGCCAGAATCCAGGGGCAGGAGCAAAGCCrG 2 4 0 
ACCCAGGAGCCCCAAGCCACTTTATGACGTGCCAGAATCCAGGGGCAGGAGCAAAGCCTG 2 4 0 
ACCCAGGAGCCCCAAGCCACTTT ATGACGTGCCAGAATCCAGGGGCAGGAGCAAAGCCrG 2 4 0 
# # * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * i t t i K D i * * 
SPERM 


















T(XGCCCACAGGrGAGATGlT|GG(XGrGGGCTTAGCTTTAAGCrGCrGACCCGCAGCGGC 3 60 
TCCXCCCACAGGrGAGATGraGGCCGrGGGCTTAGCTTTAAGCTGCrGACCCGCAGCGGC 360 
TCCGCCCACAGGTGAGATGrEGGCCGTGGGCTTAGCrTTAAGCTGCTGACCCGCAGCGGC 3 60 
TCCGCCCACAGGrGAGATGrgGGCCGrGGGCTTAGCrTTAAGCTGCTGACCCGCAGCGGC 3 60 






























Te s t i s 
O v a r y 
Spl e e n 
Li v e r 















































Te s t i s 
Ovar y 
Spl e e n 
Li v e r 
Ki d n e y 
OCrCCCCrGGAGGAGGTCCCCrGGrCCTCAGGTGGCCmTAAGaGrOQGrAAQDGrQOG 7 2 0 
CCrCCCCrGGAGGAGGrCCCCTGGrCCrCAGGTGGCCrTTTAAGTGr GGG 7 10 
CCTCCCCTGGAGGAGGrCCCCTGGTCCrCAGGTGGCCTTTTAAGTGT GGG 7 1 0 
CCrCCCCTGGAGGAGGrCCCCrGGTCCrCAGGTGGCCTTTTAAGTGr GGG 7 1 0 
CCrCCCCTGGAGGAGGTCCCCTGGrCCTCAGGTGGCCTTTTAAGrGT GGG 7 1 0 




Te s t i s 
O v a r y 
Spl e e n 
Li v e r 




GCTTGGCTCTCAAGCAGAGCATGrGCAACAAGrCAOCTGAAAAGATTGrAAGAATGCAAA 7 7 0 
QCTTGGCrCrCAAGCAGAGCATGrGCAACAAGrCACCTGAAAAGATTGrAAGAATGCAAA 7 7 0 
GCTTOGCTCTCAAGCAGAGCATGrGCAACAAGTCACCTGAAAAGATTGrAAGAATGCAAA 770 
SPERM 
Te s t i s 
O a r y 
Spl e e n 
Li v e r 













* * * « * * * * * > | t * « * * « « * « * * * * * « * : f * * * « « 4 ' * * * * « « : i : ^ « * * * * * « > ^ 4 ! ' 4 > * * 4 < « * * > t c * * 
SPERM 

































AGCGCGGTACTGCGTCn'AAACACACGGaCACAGrCGCAGGr ATCGGTTGACACAGGGCAA 1010 
AGCGCGGTACTGCGTGrAAACACGCGCfCACACn-CGCAGCJrATCGCnTGACACAGGGCAA 1010 
SPERM 






















AAATATGCnTTCTGrGAATTCrCCCATTTAACCCrCAAACAGCGTGTGGCATGCGrCTGC 1 130 
AAATATGCTTTCTGrGAATTCrCCCATTTAACCCrCAAACAGCCTCn'GGCATGCGrCrGC 1 130 
SPERM 




















GCrrCACGTGGrGGGGAGTTGAGCTGAGACCGAGGACGGTCCCACGCGGCAGCCTCACCCG 12 50 
GGTCACCTGGrGGGGACn-TGACnTGAGACCGAGGACGCrrCCCACGCGGCAGCCTCACCCG 1250 
GCn-CACCrGGTGGGGACrTGAGCTGAGACCGAGGACGCTCCCACGCGGCAGCCTCACCCG 1250 
SPERM GGCAGGGGGTGCCCCrCCATGGAGCCGAGTTCn'GAGCATGrCTGrCTGrcn'Gr 1313 
Te s t i s GGCAGGGGCTGCrCCTCCATGGAGCCGAGrTCTGAGCATGrCTCJrCTGrCTGr 1303 
Ovary GGCAGGGGGTGCCCCTCCATGGAGCCGAGTTCTGAGCATGrGTGTGTGrCTGr 1303 
Spleen GGCAGGGGCTGCCCCTCCATGGAGCCGACn-TCrCJAGCATCrrCrGrcrGTCTGr 1303 
Liver GGCAGGGGCTGCCGCTCCATGGAGCCGAGrTCTGAGCATGrCTGrCrGTCTGr 1303 
Kidney GGCAGGGGCTGCCCCTGCATGGAGCCGAGrTCTGAGCATGrCTCn-CrGrCTGr 1303 
Figure 20. Multiple nucleotide sequence alignment of GACA-tagged 1.3 kb 
transcripts originating from different tissues and spermatozoa. The sequence from 
spermatozoa is highlighted in yellow background. The single nucleotide variations 
spread along the sequence shared by sperm and other tissues are highlighted in 
pink, and the ones common to tissues in blue. Several variations detected in sperm 
or testis only are shown in red. Note the exclusive insertion of 10 bp detected in 









ACAGACAGACAGACAGACAGACA- - C A C A C A C A C A C A C M T 
ACAGACAGACAGACAG- -ACACACACACACBT 
A C A G A C A G A C A G A C A - -CACACACACiCAcBT 
ACAGACAGACAGACAGACACACACACACACBT 
ACAGACAGACAGACA- - C A C A C A C A C A C A C B T 
ACAGACAGACAGACAGACAGACAGACACACACACACACHT 
ACAGACAGACAGACA- - C A C A C A C A C A C A C B T 
ACAGACAGACAGACA- - C A C A C A C A C A C A C B T 
TCTCTCTCTCTCTCTCTC 58 
TCTCTCTCTCTCTCTCTC 5 0 




TCTCTCTCTCTCTCTCTC 5 0 
TCTCTCTCTCTCTCTCTC 5 0 
*************** 









T C T C T C T C C C T C T C T G C C T C A G C A C T G G A T G T A T A T A A C C T G C T T T C T G C T C C G A G A G T 118 
TCTCTCTCTCTCTCTGCCTCAGCACTGGATGTATATAACCTGCTTTCTGCTCC GAGAGT 110 
T C T C T C T C T C T C T C T G C C T C A G C A C T G G A T G T A T A T A A C C T G C T T T C T G C T C C GAGAGT 110 
TCTCTCTCTCTCTCTGCCTCAGCACTGGATGTATATAACCTGCTTTCTGCTCC GAGAGT 112 
TCTCTCTCTCTCTCTGCCTCAGCACTGGATGTATATAACCTGCTTTCTGCTCC GAGAGT 110 
TCTCTCTCTCTCTCTGCCTCAGCACTGGATGTATATAACCTGCTTTCTGCTCC GAGAGT 12 0 
CCTCTCTCTCTCTCTGCCTCAGCACTGGATGTATATAACCTGCTTTCTGCTCC GAGAGT 110 
TCTCTCTCTCTCTCTGCCTCAGCACTGGATGTATATAACCTGTTTTCTGCTCq|GAGAGT 110 










A G A A A C C C T G A T T C C T A C C T G A A C A G C T T G C A G G C T G A G G G C T J C T C C T C T C C A G T C G A A 17 0 
AGAAACCCTGATTCCTACCTGAACAGCTTGCAGGCTGAGGGCTTCTCCTCTCCAGTCGAA 17 0 
A G A A A C C C T G A T T C C T A C C T G A A C A G C T T G C A G G C T G A G G G C T T C T C C T C T C C A G T C G A A 172 
AGAAACCCTGATTCCTACCTGAACAGCTTGCAGGCTGAGGGCTTCTCCTCTCCAGTCGAA 17 0 
A G A A A C C C T G A T T C C T A C C T G A A C A G C T T G C A G G C T G A G G G C T T C T C C T C T C C A G T C G A A 18 0 
AGAAACCCTGATTCCTACCTGAACAGCTTGCAGGCTGAGGGCTTCTCCTCTCCAGTCGAA 17 0 










G G G A A A G A G G A T C C T C T C A G T C T C A G C C G C C C T G C G T T G T C A C T G T C A G T G G G C T G C G A C 238 
G G G A A A G A G G A T C C T C T C A G T C T C A G C C G C C C T G C G T T G T C A C T G T C A G T G G G C T G C G A C 2 3 0 
G G G A A A G A G G A T C C T C T C A G T C T C A G C J G C C C T G C G T T G T C A C T G T C A G T G G G C T G C G A C 2 3 0 
G G G A A A G A G G A T C C T C T C A G T C T C A G C C G C C C T G C G T T G T C A C T G T C A G T G G G C T G C G A C 2 32 
G G G A A A G A G G A T C C T C T C A G T C T C A G C C G C C C T G C G T T G T C A C T G T C A G T G G G C T G C G A C 2 30 
G G G A A A G A G G A T C C T C T C A G T C T C A G C C G C C C T G C G T T G T C A C T G T C A G T G G G C T G C G A C 2 4 0 
G G G A A A G A G G A T C C T C T C A G T C T C A G C C G C C C T G C G T T G T C A C T G T C A G T G G G C T G C G A C 2 3 0 










T G C T T C T C C A G C A G C C C C A A G C T G G C T C T C T G C A C C T C C C G G T G A C T G C G G C T C T G T G T G 2 98 
T G C T T C T C C A G C A G C C C C A A G C T G G C T C T C T G C A C C T C C C G G T G A C T G C G G C T C T G T G T G 2 90 
T G C T T C T C C A G C A G C C C C A A G C T G G C T C T C T G C A C C T C C C G G T G A C T G C G G C T C T G T G T G 2 90 
T G C T T C T C C A G C A G C C C C A A G C T G G C T C T C T G C A C C T C C C G G T G A C T G C G G C T C T G T G T G 2 92 
T G C T T C T C C A G C A G C C C C A A G C T G G C T C T C T G C A C C T C C C G G T G A C T G C G G C T C T G T G T G 2 90 
T G C T T C T C C A G C A G C C C C A A G C T G G C C C T C T G C A C C T C C C G G T G A C T G C G G C T C T G T G T G 3 00 
T G C T T C T C C A G C A G C C C C A A G C T G G C T C T C T G C A C C T C C C G G T G A C T G C G G C T C T G T G T G 2 9 0 
T G C T T C T C C A G C A G C C C C A A G C T G G C T C T C T G C A C C T C C C G G T G A C T G C G G C T C T G T G T G 2 90 









G G G A G A G G G G A C G G G C C G T G G C A T G T A C A T C A G G T T G C T G G T C C G C C T C C A A A C A C C G T A 3 58 
G G G A G A G G G G A C G G G C C G T G G C A T G T A C A T C A G G T T G C T G G T C C G C C T C C A A A C A C C G T A 3 6 0 
G G G A G A G G G G A C G G G C C G T G G C A T G T A C A T C A G G T T G C T G G T C C G C C T C C A A A C A C C G T A 3 52 
G G G A G A G G G G A C G G G C C G T G G C A T G T A C A T C A G G T T G C T G G T C C G C C T C C A A A C A C C G T A 3 50 
G G G A G A G G G G A C G G G C C G T G G C A T G T A C A T C A G G T T G C T G G T C C G C C T C C A A A C A C C G T A 3 50 
G G G A G A G G G G A C G G G C C G T G G C A T G T A C A T C A G G T T G C T G G T C C G C C T C C A A A C A C C G T A 3 50 
G G G A G A G G G G A C G G G C C G T G G C A T G T A C A T C A G G T C G C T G G T C C G C C T C C A A A C A C C G T A 3 50 
G G G A G A G G G G A C G G G C C G T G G C A T G T A C G T C A G G T T G C T G G T C C G C C T C C A A A C A C C G T A 3 5 0 









C T C C A G A G C C G G C T C C C A G T C C T G C A G G G C T G T G T G G G A A G C A G G A A G G C A G G C A G G G G G 418 
C T C C A G A G C C G G C T C C C A G T C C T G C A G G G C T G T G T G G G A A G C A G G A A G G C A G G C A G G G G G 410 
C T C C A G A G C C G G C T C C C A G T C C T G C A G G G C T G T G T G G G A A G C A G G A A G G C A G G C A G G G G G 410 
C T C C A G A G C C G G C T C C C A G T C C T G C A G G G C T G T G T G G G A A G C A G G A A G G C A G G C A G G G G G 412 
C T C C A G A G C C G G C T C C C A G T C C T G C A G G G C T G T G T G G G A A G C A G G A A G G C A G G C A G G G G G 410 
C T C C A G A G C C G G C T C C C A G T C C T G C A G G G C T G T G T G G G A A G C A G G A A G G C A G G C A G G G G G 4 2 0 
C T C C A G A G C C G G C T C C C A G T C C T G C A G G G C T G T G T G G G A A G C A G G A A G G C A G G C A G G G G G 410 
C T C C A G A G C C G G C T C C C A G T C C T G C A G G A C T G T G T G G G A A G C A G G A A G A C A G G C A G G G G G 410 









C T G A G C A T G C A G C C T G T A G G T C T C T C T C C A G C C C C G T T T T G A T C G G C A G A G G G G A C C T G C 4 78 
C T G | G C A T G C A G C C T G T A G G T C T C T C T C C A G C C C C G T T T T G A T C G G C A G A G G G G A C C T G C 4 70 
C T G A G C A T G C A G C C T G T A G G T C T C T C T C C A G C C C C G T T T T G A T C G G C A G A G G G G A C C T G C 4 7 0 
C T G A G C A T G C A G C C T G T A G G T C T C T C T C C A G C C C C G T T T T G A T C G G C A G A G G G G A C C T G C 4 72 
C T G A G C A T G C A G C C T G T A G G T C T C T C T C C A G C C C C G T T T T G A T C G G C A G A G G G G A C C T G C 4 70 
C T G A G C A T G C A G C C T G T A G G C C T C T C T C C A G C C C C G T T T T G A T C G G C A G A G G G G A C C T G C 4 80 
C T G A G C A T G C A G C C T G T A G G T C T C T C T C C A G C C C C G T T T T G A T C G G C A G A G G G G A C C T G C 4 7 0 
C T G A G C A T G C A G C C T G T A G G T C T C T C T C C A G C C C C G T T T T G A C C G G C A G A G G G G A C C T G C 4 70 
















CTTTAGACAGCTGCCTGCACTGACCCTGCCCACAGGGGTGCACACGGAGTACCCCTAGCC 54 0 
CTTTAGACAGCTGCCTGCACCGACCCTGCCCACAGGGGTGCACACGGAGTACCCCTAGCC 53 0 
CTTTAGACAGCTGCCTGCACCGACCCTGCCCACAGGGGTGCACACGGAGTACCCCTAGCC 53 0 









TTGGGCAACCAACAGCAGGCCCAGGGACACAGAGCTCATGGCCAGCGGGGAAGGGAGAAA 5 98 
TTGGGCAACCAACAGCAGGCCCAGGGACACAGAGCTCATGGCCAGCGGGGAAGGGAGAAA 5 90 
TTGGGCAACCAACAGCAGGCCCAGGGACACAGAGCTCATGGCCAGCGGGGAAGGGAGAAA 5 90 
TTGGGCAACCAACAGCAGGCCCAGGGACACAGAGCTCATGGCCAGCGGGGAAGGGAGAAA 592 
TTGGGCAACCAACAGCAGGCCCAGGGACACAGAGCTCATGGCCAGCGGGGAAGGGAGAAA 590 
TTGGGCAACCAACAGCAGGCCCAGGGACACAGAGCTCATGGCCAGCGGGGAAGGGAGAAA 6 00 
TTGGGCAACCAACAGCAGGCCCAGGGACACAGAGCTCATGGCCAGCGGGGAAGGGAGAAA 590 
TTGGGCAACCAACGGCAGGCCCAGGGACACAGAGCTCACGGCCAGCGGGGAAGGGAGAAA 590 










GAGACAGCAGACAGCGGCGGCAGCTCTCCTGGGTGTTATTTTAACGTGGTTTGTCTTGGG 6 50 
G A G A C | G C A G A C A G C G G C G G C A G C T C T C C T G G G T G T T A T T T T A A C G T G G T T T G T C T T G G G 6 50 
GAGACAGCAGACAGCGGCGGCAGCTCTCCTGGGTGTTATTTTAACGTGGTTTGTCTTGGG 652 
G A G A C A G C A G A C A G C G G C G G C A G C T C T C C T G G G T G T T A T T T T A A C G T G G T T T G T C T T G G G 6 50 
GAGACAGCAGACAGCGGCGGCAGCTCTCCTGGGTGTTATTTTAACGTGGTTTGTCTTGGG 660 
G A G A C A G C A G A C A G C G G C G G C A G C T C T C C T G G G T G T T A T T T T A A C G T G G T T T G T C T T G G G 6 50 




























GCCTCAGTTGGCAGGGAAACAGCAGGTCATGGCTCAGAGACACTCCTCTGCAATCAGAAG 7 7 0 
GCCTCAGTTGGCAGGGAAACAGCAGGTCATGGCTCAGAGACACTCCTCTGCAATCAGAAG 7 70 
GCCTCAGTTGGCAGGGAAACAGCAGGTCATGGCTCAGAGACACTCCTCTGCAATCAGAAG 772 
GCCTCAGTTGGCAGGGAAACAGCAGGTCATGGCTCAGAGACACTCCTCTGCAATCAGAAG 7 70 
GCCTCAGTTGGCAGGGAAACAGCAGGTCATGGCTCAGAGACACTCCTCTGCAATCAGAAG 78 0 
GCCTCAGTTGGCAGGGAAACAGCAGGTCATGGCTCAGAGACACTCCTCTGCAATCAGAAG 7 7 0 











ACTGCTGGATGAAAAGGAATCCTTTTCTGTTCTGACTTCTGGCATCTCTGCACAGGGTGT 8 3 0 
ACTGCTGGATGAAAAGGAATCCTTTTCTGTTCTGACTTCTGGCATCTCTGCACAGGGTGT 83 0 
ACTGCTGGATGAAAAGGAATCCTTTTCTGTTCTGACTTCTGGCATCTCTGCACAGGGTGT 832 
ACTGCTGGATGAAAAGGAATCCTTTTCTGTTCTGACTTCTGGCATCTCTGCACAGGGTGT 8 3 0 
ACTGCTGGATGAAAAGGAATCCTTTTCTGTTCTGACTTCTGGCATCTCTGCACAGGGTGT 840 
ACTGCTGGATGAAAAGGAATCCTTTTCTGTTCTGACTTCTGGCATCTCTGCACAGGGTGT 83 0 











AGATGTCTGTCTGTCTGT 84 8 
AGATGTCTGTCTGTCTGT 84 8 
AGATGTCTGTCTGTCTGT 85 0 
AGATGTCTGTCTGTCTGT 84 8 
AGATGTCTGTCTGTCTGT 858 
AGATGTCTGTCTGTCTGT 84 8 
AGATGTCTGTCTGTCTGT 848 
****************** 
Figure 21 . Multiple alignment of GACA-tagged 850 bp transcript originating from 
different tissues and spermatozoa, homologous to HBGF-1. The sequence from 
the spermatozoa is highlighted in yellow background. The single nucleotide 
variations common across the tissues are highlighted in same color (pink or blue). 
Several variations detected in sperm or testis only are shown in red, and the ones 
exclusive to ovary in the blue background. 
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A C A G A C A G A C A G A C A C A T C A C T T G G G A - C A A A A A A A C C A A A G C A A A A G C C A G A G G T C A T T 5 9 
A C A G A C A G A C A G A C A C A T C A C T T G G G H J G A A A A A A A C C A A A G C A A A A G C C B H B l G ' r C A T T 6 0 
A C A G A C A G A C A G A C A C A T C A C T T G G G A - C A A A A A A A C C A A A G C A A A A G C C A G A G G T C A T T 5 9 
A C A G A C A G A C A G A C A C A T C A C T T G G G A - C A A A A A A A C C A A A G C A A A A G C C A G A G G T C A T T 59 
A C A G A C A G A C A G A C A C A T C A C T T G G G A - C A A A A A A A C C A A A G C A A A A G C C A G A G G T C A T T 59 
A C A G A C A G A C A G A C A C A T C A C T T G G G A - C A A A A A A A C C A A A G C A A A A G C C A G A G G T C A T T 59 
A C A G A C A G A C A G A C A C A T C A C T T G G G A - C A A A A A A A C C A A A G C A A A A G C C A G A G G T C A T T 59 
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L i v e r 
K i d n e y 
H e a r t 
A - T C G T - A T C C T G A A G A A - C T A G G A G G G A G A A A C A G C T C A G T G G G - T C A C G G G A A G G C T A 115 
ABTCGTBATCCTGAAJAABCTAGGAGGGAGAABCAGCTCAGTGGGJTCACGGGAAGGCTA ii9 
A- T C G T - A T C C T G A A G A A - C T A G G A G G G A G A A A C A G C T C A G T G G G - T C A C G G G A A G G C T A 115 
A - T C G T - A T C C T G A A G A A - C T A G G A G G G A G A A A C A G C T C A G T G G G - T C A C G G G A A G G C T A 115 
A - T C G T - A T C C T G A A G A A - C T A G G A G G G A G A A A C A G C T C A G T G G G - T C A C G G G A A G G C T A 115 
A - T C G T - A T C C T G A A G A A - C T A G G A G G G A G A A A C A G C T C A G T G G G - T C A C G G G A A G G C T A 115 
A - T C G T - A T C C T G A A G A A - C T A G G A G G G A G A A A C A G C T C A G T G G G - T C A C G G G A A G G C T A 115 
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G G A T A G G A T G G A C T G G C C C C T G T G C G C C C C T G C G C A C A G C A G A C A T A C T A G G C A G A G C G G 17 5 
G G A T A G G A T G § A C T G G C C C i T G T G C | C C C C T G C G C A C A G C A G A C A T A C T A § G C A G A G C G C 17 6 
G G A T A G G A T G G A C T G G C C C C T G T G C G C C C C T G C G C A C A G C A G A C A T A C T A G G C A G A G C G G 17 5 
G G A T A G G A T G G A C T G G C C C C T G T G C G C C C C T G C G C A C A G C A G A C A T A C T A G G C A G A G C G G 175 
G G A T A G G A T G G A C T G G C C C C T G T G C G C C C C T G C G C A C A G C A G A C A T A C T A G G C A G A G C G G 17 5 
G G A T A G G A T G G A C T G G C C C C T G T G C G C C C C T G C G C A C A G C A G A C A T A C T A G G C A G A G C G G 175 
G G A T A G G A T G G A C T G G C C C C T G T G C G C C C C T G C G C A C A G C A G A C A T A C T A G G C A G A G C G G 175 
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C A G C C C T G G G T T T C A G T T C T G A C T C T G C T G T G T T A C T C T G G - A G C A G T T G C T G C C C C T C C 2 34 
^ B C C C T G G G T T T C A G T T C T G A C T C T G C T G T G T T A C C C T G G B A G C A G T T G C T G C C C C T C C 2 3 6 
C A G C C C T G G G T T T C A G T T C T G A C T C T G C T G T G T T A C C C T G G - A G C A G T T G C T G C C C C T C C 2 34 
C A G C C C T G G G T T T C A G T T C T G A C T C T G C T G T G T T A C C C T G G - A G C A G T T G C T G C C C C T C C 2 34 
C A G C C C T G G G T T T C A G T T C T G A C T C T G C T G T G T T A C C C T G G - A G C A G T T G C T G C C C C T C C 2 34 
C A G C C C T G G G T T T C A G T T C T G A C T C T G C T G T G T T A C T C T G G - A G C A G T T G C T G C C C C T C C 2 34 
C A G C C C T G G G T T T C A G T T C T G A C T C T G C T G T G T T A C T C T G G - A G C A G T T G C T G C C C C T C C 2 34 
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C T G G G T C A C T C T T C T G C T T C T A A C A A A G - A G A G A G C T G C A G T T G G T G A T T T C T G A G G C A A 2 93 
O G G G T C A C i C T B C T G C T T C H A C A A A G B A G A G A G C T G C A G T ^ G G T G A T T T C T G A G G C A A 2 96 
C T G O G T C A C T C T T C T G C T T C T A A C A A A G - A G A G A G C T G C A G T T G G T G A T T T C T G A G G C A A 2 9 3 
C T G O G C C A C T C T T C T G C T T C T A A C A A A G - A G A G A G C T G C A G T T G G T G A T T T C T G A G G C A A 2 9 3 
C T G G G T C A C T C T T C T G C T T C T A A C A A A G - A G A G A G C T G C A G T T G G T G A T T T C T G A G G C A A 2 93 
C T G G G T C A C T C T T C T G C T T C T A A C A A A G - A G A G A G C T G C A G T T G G T G A T T T C T G A G G C A A 2 93 
C T G O G T C A C T C T T C T G C T T C T A A C A A A G - A G A G A G C T G C A G T T G G T G A T T T C T G A G G C A A 2 93 
S P E R M 
T e s t i s 
O v a r y 
S p l e e n 
L i v e r 
K i d n e y 
H e a r t 
C C - A A A A T T C T C A A A G A C T C T G C A G C A G T T G T A T - A A C A T A A C A G G G A G G G G G C C C G G G A 3 5 1 
C C B A A A A T T C T C A A A G A C T C T G C A G C A G T T G T A T - J A C A T A A C A G G G A G G G G G C C C G G G A 355 
C C - A A A A T T C T C A A A G A C T C T G C A G C A G T T G T A T - A A C A T A A C A G G G A G G G G G C C C G G G A 3 5 1 
CC - A A A A T T C T C A A A G A C T C T G C A G C A G T T G A A T - A A C A T A A C A G G G A G G G G G C C C G G G A 3 5 1 
C C - A A A A T T C T C A A A G A C T C T G C A G C A G T T G T A T - A A C A T A A C A G G G A G G G G G C C C G G G A 3 5 1 
CC-AAAATTCTCAAAGACTCTGCAGCAGTTGTATTAACATAACAGGGAGGGGGCCCGGGA 3 5 2 
C C - A A A A T T C T C A A A G A C T C T G C A G C A G T T G T A T - A A C A T A A C A G G G A G G G G G C C C G G G A 3 5 1 
S P E R M 
T e s t i s 
O v a r y 
S p l e e n 
L i v e r 
K i d n e y 
H e a r t 
G C C T T G G G A G T C C G A T T A G A G T A A T - A A G A G G C C C C T C C T C A G G G G C T G C C C C A C C C C T G 4 10 
GCBlflhSGGAGTCjGATTAGAGTCATBA^GAGGCCCCTCCTCAGGGGCl^SCCCCACCCCTG 4 15 
G C C T T G G G A G T C C G A T T A G A G T A A T - A A G A G G C C C C T C C T C A G G G G C T G C C C C A C C C C T G 4 10 
G C C T T G G G A G T C C G A T T A G A G T A A T - A A G A G G C C C C T C C T C A G G G G C T G C C C C A C C C C T G 4 1 0 
G C C T T G G G A G T C C G A T T A G A G T A A T - A A G A G G C C C C T C C T C A G G G G C T G C C C C A C C C C T G 4 1 0 
G C C T T G G G A G T C C G A T T A G A G T A A T - A A G A G G C C C C T C C T C A G G G G C T G C C C C A C C C C T G 4 1 1 
G C C T T G G G A G T C C G A T T A G A G T A A T - A A G A G G C C C C T C C T C A G G G G C T G C C C C A C C C C T G 4 10 
S P E R M 
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L i v e r 
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H e a r t 
C A G C C T C C T C C C C C T T C T A G G C T G G G C T C T C C C C T G G G T T G A A G C A C C T G A A G C C A A C A G 4 7 0 
CAGClTCCTCCCCCTTCTAGGCTGGGC|[^BCCCCTGGGTTGAAGCACCTG|pi.GCCAACAG 4 75 
C A G C C T C C T C C C C C T T C T A G G C T G G G C T C T C C C C T G G G T T G A A G C A C C T G A A G C C A A C A G 4 7 0 
C A G C C T C C T C C C T C T T C T A G G C T G G G C T C T C C C C T G G G T T G A A G C A C C T G A A G C C A A C A G 4 70 
C A G C C T C C T C C C C C T T C T A G G C T G G G C T C T C C C C T G G G T T G A A G C A C C T G A A G C C A A C A G 4 70 
C A G C C T C C T C C C C C T T C T A G G C T G G G C T C T C C C C T G G G T T G A A G C A C C T G A A G C C A A C A G 4 71 
C A G C C T C C T C C C C C T T C T A G G C T G G G C T C T C C C C T G G G T T G A A G C A C C T G A A G C C A A C A G 4 7 0 
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C A C C C C C T G C C C C C T A G T A C C T A T A A A C A C A T G T G C T C C T C T A A G C C T G A G C C A T G T G - - 528 
C A C C C C C T G C C C C C T A G B A C C T A T A A A C A C A T G T G C T C C T C T A A G C J T G A G C C A T G T G B I 5 34 
C A C C C C C T G C C C C C T A G T A C C T A T A A A C A C A T G T G C T C C T C T A A G C C T G A G C C A T G T G - - 528 
C A C C C C C T G C C C C C T A G T A C C T A T A A A C A C A T G T G C T C C T C T A A G C C T G A G C C A T G T G - - 528 
C A C C C C C T G C C C C C T A G T A C C T A T A A A C A C A T G T G C T C C T C T A A G C C T G A G C C A T G T G - - 523 
C A C C C C C T G C C C C C T A G T A C C T A T A A A C A C A T G T G C T C C T C T A A A C C T G A G C C A T G T G - - 529 
C A C C C C C T G C C C C C T A G T A C C T A T A A A C A C A T G T G C T C C T C T A A G C C T G A G C C A T G T G - - 528 
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T T T C B C C C T - - C B C T G G A C C T T A G G C B T T C C - A G G T T T G T G T A T T T A G G G G C T C A C A T T C 5 85 
JTJCACCCJI^BCTCTGGACCTTAGGCTTTCCBAGGTTTGTGBATTTAGGGGCTCACATTC 594 
T T T C A C C C T - - C T C T G G A C C T T A G G C T T T C C - A G G T T T G T G T C T T T A G G G G C T C A C A T T C 5 8 5 
T T T C A C C C T - - C T C T G G A C C T T A G G C T T T C C - A G G T T T G T G T A T T T A G G O G C T C A C A T T C 5 8 5 
T T T C A C C C T - - C T C T G G A C C T T A G G C T T T C C - A G G T T T G T G T A T T T A G G G G C T C A C A T T C 585 
T T T C B C C C T - - C T C T G G A C T T A G G C T T T C C - A G G T T T G T G T A T T T A G G G G C T C A C A T T C 585 
T T T C J C C C T - - C T C T G G A C C T T A G G C T T T C C - A G G T T T G T G T A T T T A G G G G C T C A C A T T C 5 8 5 
S P E R M 
T e s t i s 
O v a r y 
S p l e e n 
L i v e r 
K i d n e y 
H e a r t 
- G G G C T C - T G T G C C G G T G A G C C A G T C - T A T G T G T G C A C T G T C T G T C T G T C T G T 6 3 5 
I G G G C T C B T G T G C C G G T G A G C C A G T C B T A T G T G T G C A C T G T C T G T C T G T C T G T 64 7 
- G G G C T C - T G T G C C G G T G A G C C A G T C - T A T G T G T G C A C T G T C T G T C T G T C T G T 63 5 
- G G G C T C - T G T G C C G G T G A G C C A G T C - T A T G T G T G C A C T G T C T G T C T G T C T G T 63 5 
- G G G C T C - T G T G C C G G T G A G C C A G T C - T A T G T G T G C A C T G T C T G T C T G T C T G T 6 3 5 
- G G G C T C - T G T G C C G G T G A G C C A G T C - T A T G T G T G C A C T G T C T G T C T G T C T G T 6 3 5 
- G G G C T C - T G T G C C G G T G A G C C A G T C - T A T G T G T G C A C T G T C T G T C T G T C T G T 63 5 
Figure 22. Multiple alignment of GACA-tagged 635 bp transcript originating from 
spermatozoa and different tissues, representing WASF2 gene. Tlie sequence from 
spermatozoa is highlighted in yellow background. Several variations detected in sperm 
or testis only are shown in red, and that in somatic tissues are in blue color. Note the 
single nucleotide variations/insertions/deletions along the sequences from different 







* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
SPERM 
Te s t i s 
Oary 
SaicrAnaGGGTrCXDCCCCGGCXXXXAGrOGAaAGACCXXXjVC^ 120 







* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
SPERM 





* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ****** 
SPERM 




* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
SPERM 












* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
SPERM 












* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
Figure 23, Multiple sequence alignment of GACA-tagged transcript of 523 
bp originating from testis, ovary and spermatozoa, homologous to Ankyrin 
repeat domain-26. The sequence from spermatozoa is highlighted in yellow 
background. Note identical sequences in testis and spermatozoa 
(highlighted in red) in comparison to ovary (blue). 
(R^esuCts 
4.1.3.3 Within ttte GAT A tagged transcripts 
Next, we analyzed the GATA-tagged transcripts to look for similar 
sequence alterations. As discussed earlier, only 10 GATA-tagged 
transcripts were uncovered encompassing 4 common across the tissues 
and 6 restricted to testis/spermatozoa. Sequencing of 5 recombinants of 
each of the 6 transcripts demonstrated identical sequences both in the 
testis and spermatozoa. However, remaining 4 transcripts evinced several 
single nucleotide insertions, deletions and/or substitutions at many places. 
Among them was a novel transcript of 800 bp (GenBank accession 
numbers: EF051520 and EF050082) harboring an insertion of 18 bp at 
one place exclusively in spleen, and several point nucleotide changes only 
in the sperm and ovary in comparison to other tissues (Figure 24). 
Another novel transcript of 425 bp (GenBank accession numbers: 
EF050083 and EF051516) also demonstrated several variations such that 
the point nucleotide changes were either common between the 
spermatozoa/gonads or spermatozoa/somatic tissues (Figure 25). 
Remaining novel transcripts of the 367 (Figure 26) and 282 bp (not shown) 
showed conserved sequences across the tissues and spermatozoa (Table 
12). As already stated, the lung and heart were found to be devoid of the 
GATA-tagged transcripts. 
4.1.4 Conservation of MASA entrapped genes across the species 
To determine the evolutionary significance of all the uncovered 
transcripts, we studied their conservation across the species by cross-
hybridization of all these genes/ gene fragments individually with the 
genomic DNA of 13 different species. Among the GACA-tagged 
transcripts, -75% were found to be conserved faithfully across the species 
(>8 species) but remaining 25% were exclusive to Bovids or buffalo 
(Figure 27). Contrary to this, all the GAT A- (Figure 28A) and 33.15-
(Figure 28B) tagged transcripts were found to be cross-hybridized with 
genomic DNA from all the species studied but with varying signal 








-GATAGATAGATAGATAGATAGATAGATACATATGTATATATCTATGTGTGTGTATGC 5 7 
GATAGATAGATAGATAGATAGATACATATGTATATATCTATGTGTGTGTATGC 5 3 
GATAGATAGATAGATAGATAGATACATATGTATATATCTATGTGTGTGTATGC 5 3 
GATAGATAGATAGATAGATAGATACATATGTATATATCTATGTGTGTGTATGC 5 3 
















































CAAT AAAGATAACATTACAGTGGAAATCTTGGCAGATACAGCCTTAACCAAATGAC AC 296 
CAAT AAAAATAACATTACAGTGGAAATCTTGGCAGATACAGCCTTAACCAAATGAC AC 292 
CAAT AAAAATAACATTACAGTGGAAATCTTGGCAGATACAGCCTTAACCAAATGAC AC 292 
CAAT AAAAATAACATTACAGTGGAAATCTTGGCAGATACAGCCTTAACCAAATGAC AC 292 
CAAT AAAAATAACATTACAGTGGAAATCTTGGCAGATACAGCCTTAACCAAATGAC AC 292 
CAATfAAAAATAACATTACAGTGGAAATCTTGGCAGATACAGCCTTAACCAAATGAC AC 293 




















TGTG TGTTCTTGCCAAAAATTGCATCGTCTGCATCTGGGCATGAAGACACATCAGCTCC 416 
TGTG TGTTCTTGCCAAAAATTGCATCGTCTGCATCTGGGCATGAAGACACATCAGCTCC 412 
TGTG TGTTCTTGCCAAAAATTGCATCGTCTGCATCTGGGCATGAAGACACATCAGCTCC 412 
TGTG TGTTCTTGCCAAAAATTGCATCGTCTGCATCTGGGCATGAAGACACATCAGCTCC 412 
TGTG TGTTCTTGCCAAAAATTGCATCGTCTGCATCTGGGCATGAAGACACATCAGCTCC 412 
TGTG|TGTTCTTGCCAAAAATTGCATCGTCTGCATCTGGGTATGAAGACACATCAGCTCC 413 







TCTAAACGAGTCAACACAAATGTCTACTCCTTGAA ACAGAAAAATA 462 
TCTAAACGAGTCAACACAAATGTCTACTCCTTGAA ACAGAAAAATA 458 
TCTAAACGAGTCAACACAAATGTCTACTCCTTGAA ACAGAAAAGTA 458 
TCTAAACGAGTCAACACAAATGTCTACTCCTTGAAAfiatgMACGt-IififtAACAGAAAAATA 472 
TCTAAACGAGTCAACACAAATGTCTACTCCTTGAA ACAGAAAAATA 458 
TCTAAACGAGTCAACACAAATGTCTACTCCTTGAA ACAGAAAAATA 459 

















































































Figure 24. Multiple sequence alignment of GATA-tagged novel transcript of 
800 bp originating from different tissues and spermatozoa. Note the single 
nucleotide variations/INDELS spread throughout the sequence. The variations 
common to tissues are highlighted in blue color and that shared by sperm in 








GATAGATAGATAGATAGATAGATACTGATTGAATGGATGAAAGATACTTTGAAATATGTT 6 0 
GATAGATAGATAGATAGATAGATACTGATTGAATGGATGAAAGATACTTTGAAATATGTT 6 0 
GATAGATAGATAGATAGATAGATACTGATTGAATGGATGAAAGATACTTTGAAATATGTT 6 0 
GATAGATAGATAGATAGATAGATACTGATTGAATGGATGAAAGATACTTTGAAATATGTT 6 0 
GATAGATAGATAGATAGATAGATACTGATTGAATGGATGAAAGATACTTTGAAATATGTT 6 0 








ATTTTGAAGCTAACGTTACGAGATAAAACAGATTGGAAATTATGAATAGTGGTTTTTGTG 1 2 0 
ATTTTGAAGCTAACGTTACGAGATAAAACAGATTGGAAATTATGAATAGTGGTTTTTGTG 120 
ATTTTGAAGCTAACGTTACGAGATAAAACAGATTGGAAATTATGAATAGTGGTTTTTGTG 120 
ATTTTGAAGCTAACGTTACGAGATAAAACAGATTGGAAATTATGAATAGTGGTTTTTGTG 1 2 0 










TCCTGCAGTTCTCTGAACTGGACTATGTTGTGAGAAAATAAATAAAATGTTTAAGATTAC 18 0 
T C C T G C A G T T C T C T G A A C T G G A C T A T G T T G T G A G A A A A T A A A T A A A A T G T T T A A G A T T A C 180 
T C C T G C A G T T C T C T G A A C T G G A C T A T G T T G T G A G A A A A T A A A T A A A A T G T T T A A G A T T A C 180 
T C C T G C A G T T C T C T G A A C T G G A C T A T G T T G T G A G A A A A T A A A T A A A A T G T T T A A G A T T A C 180 








A G A T T T A A A A T T G G A C A A A C T C A G G T T T G A T T C C T A C T T C T G C T T G A A C T T G A A C A A A T T 240 
A G A T T T A A A A T T G G A C A A A C T C A G G T T T G A T T C C T A C T T C T G C T T G A A C T T G A A C A A A T T 24 0 
AGAT|TAAAATTGGACAAACTCAGGTTTGATTCCTACTTCTGCTTGAACTTGAACAAATT 24 0 
AGATTTAAAATTGGACAAACTCAGGTTTGATTCCTACTTCTGCTTGAACTTGAACAAATT 240 
AGATTTAAAATTGGACAAACTCAGGTTTGA|TCCTACTTCTGCTTGAACTTGAACAAATT 240 
AGATTTAAAATTGGACAAACTCAGGTTTGATTCCTACTTCTGCTTGAACTTGAACAAATT 24 0 







A C T T A A A T T T T C T A G G C A C T T T C C T T T T G T T A T A G T A G T T T G T A T A T T C A T A A T A A G C 300 
A C T T A A A T T T T C T A G G C A C T T T C C T T T T G T T A T A G T A G T T T G T A TATTCATAATA AGC 300 
A C T T A A A T T T T C T A G G C A C T T T C C T T T T G T T A T A G T A G T T T G T A TATTCATAATA AGC 300 
ACTTAAATTTTCTAGGCACTTTCCTTTTGTTATAGTAGTTTGTA TATTCATAATA AGC 300 
A C T T A A A T T T T C T A G G C A C T T T C C T T T T G T T A T A G T A G T T T G T A TATTCATAATA AGC 300 
ACTTAAATTTTCTAGGCACTTTCCTTTTGTTATAGTAGTTTGTA§TATTCATAATA§AGC 300 







ATAGGTGlAAGGATTAAATATGGAGGCATTCAAAACTATCTGGTTTACA C TACCCAGA 360 
A T A G G T G I A A G G A T T A A A T A T G G A G G C A T T C A A A A C T A T C T G G T T T A C A C TACCCAGA 36 0 
A T A G G T G I A A G G A T T A A A T A T G G A G G C A T T C A A A A C T A T C T G G T T T A C A C TACCCAGA 36 0 
A T A G G T G I A A G G A T T A A A T A T G G A G G C A T T C A A A A C T A T C T G G T T T A C A C TACCCAGA 36 0 
A T A G G T G I A A G G A T T A A A T A T G G A G G C A T T C A A A A C T A T C T G G T T T A C A C TACCCAGA 36 0 
ATAGGTGJAAGGATTAAATATGGAGGCATTCAAAACTATCTGGTTTACA C TACCCAGA 36 0 






















CTATC 42 5 




Figure 25. Multiple sequence alignment of the GATA-tagged novel transcript 
of 425 bp originating from different tissues and spermatozoa. The sequence 
from spermatozoa is highlighted in yellow background. The variations common 
to few tissues are highlighted in same color (blue or red). 
SPERM GATAGATAGATAGATAGATAGATAGCATTAAGCAAGACCCATTCTGTTGCACATATTCAA 6 0 
Testis GATAGATAGATAGATAGATAGATAGCATTAAGCAAGACCCATTCTGTTGCACATATTCAA 60 
Kidney GATAGATAGATAGATAGATAGATAGCATTAAGCAAGACCCATTCTGTTGCACATATTCAA 6 0 
Ovary GATAGATAGATAGATAGATAGATAGCATTAAGCAAGACCCATTCTGTTGCACATATTCAA 6 0 
Liver GATAGATAGATAGATAGATAGATAGCATTAAGCAAGACCCATTCTGTTGCACATATTCAA 6 0 
************************************************************ 
SPERM GCTTACATTTTTATAGGAACATTCATTTTTTGCATTGTAAACAAGAATATAATTCAGAGA 120 
Testis GCTTACATTTTTATAGGAACATTCATTTTTTGCATTGTAAACAAGAATATAATTCAGAGA 120 
Kidney GCTTACATTTTTATAGGAACATTCATTTTTTGCATTGTAAACAAGAATATAATTCAGAGA 120 
Ovary GCTTACATTTTTATAGGAACATTCATTTTTTGCATTGTAAACAAGAATATAATTCAGAGA 120 
Liver GCTTACATTTTTATAGGAACATTCATTTTTTGCATTGTAAACAAGAATATAATTCAGAGA 120 
************************************************************ 
SPERM AGAAATTACAAATTCTATATTTTGTTGGTATTTTATTTATTGCATCTGACCTTTAAGAAC 180 
Testis AGAAATTACAAATTCTATATTTTGTTGGTATTTTATTTATTGCATCTGACCTTTAAGAAC 180 
Kidney AGAAATTACAAATTCTATATTTTGTTGGTATTTTATTTATTGCATCTGACCTTTAAGAAC 180 
Ovary AGAAATTACAAATTCTATATTTTGTTGGTATTTTATTTATTGCATCTGACCTTTAAGAAC 180 
Liver AGAAATTACAAATTCTATATTTTGTTGGTATTTTATTTATTGCATCTGACCTTTAAGAAC 180 
************************************************************ 
SPERM AGAATTTATGTAAAACCAAAGACATGTTTCCTGTAATTACAGCAAAATGATAATGATTAT 240 
Testis AGAATTTATGTAAAACCAAAGACATGTTTCCTGTAATTACAGCAAAATGATAATGATTAT 240 
Kidney AGAATTTATGTAAAACCAAAGACATGTTTCCTGTAATTACAGCAAAATGATAATGATTAT 240 
Ovary AGAATTTATGTAAAACCAAAGACATGTTTCCTGTAATTACAGCAAAATGATAATGATTAT 240 
Liver AGAATTTATGTAAAACCAAAGACATGTTTCCTGTAATTACAGCAAAATGATAATGATTAT 240 
************************************************************ 
SPERM CACAAACAATCTCTAAATATTAGTGTCTATAGATGATTGAAAGTGAAAGTACATTGTAGG 300 
Testis CACAAACAATCTCTAAATATTAGTGTCTATAGATGATTGAAAGTGAAAGTACATTGTAGG 300 
Kidney CACAAACAATCTCTAAATATTAGTGTCTATAGATGATTGAAAGTGAAAGTACATTGTAGG 300 
Ovary CACAAACAATCTCTAAATATTAGTGTCTATAGATGATTGAAAGTGAAAGTACATTGTAGG 300 
Liver CACAAACAATCTCTAAATATTAGTGTCTATAGATGATTGAAAGTGAAAGTACATTGTAGG 300 
************************************************************ 
SPERM TGGAGTCTTTACCAACTGAACTATCAGGAAAGCCCAGTGACTATATCTATCTATCTATCT 360 
Testis TGGAGTCTTTACCAACTGAACTATCAGGA|AGCCCAGTGACTATATCTATCTATCTATCT 360 
Kidney TGGAGTCTTTACCAACTGAACTATCAGGAAAGCCCAGTGACTATATCTATCTATCTATCT 360 
Ovary TGGAGTCTTTACCAACTGAACTATCAGGAAAGCCCAGTGACTATATCTATCTATCTATCT 360 
Liver TGGAGTCTTTACCAACTGAACTATCAGGAAAGCCCAGTGACTATATCTATCTATCTATCT 360 
***************************** ****************************** 
SPERM ATCTATC 367 
Testis ATCTATC 367 
Kidney ATCTATC 367 




Figure 26. Multiple sequence alignment of the GATA-tagged novel 
transcript of 367 bp originating from different tissues and spermatozoa. 
Note this fragment showed almost identical sequences except for few 
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Figure 27. Cross-hybridization of genomic DNAfrom different species 
with the recombinant clones for the GACA uncovered gene fragments. 
The names of the species are given on the top, and the autoradiograms 












Figure 28A. Cross-hybridization of genomic DNA from different 
species with recombinant clones for GATA uncovered gene fragments. 
The names of the species are given on the top, and the autoradiograms 
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Figure 28B. Cross-hybridization of genomic DNA from different 
species with recombinant clones for 33.15 uncovered gene fragments. 
The names of the species are given on the top panel, and the 
autoradiograms for the gene/gene fragments are given on the left. 
^RfsuCts 
4.1.5 Copy number status of the uncovered genes 
Following the sequence analyses and evolutionary studies, the 
copy number of these repeat tagged gene/gene fragments was calculated 
by extrapolation of the straight curve obtained in a Real Time PCR using 
10 fold dilution series of the respective recombinant plasmids. 
Extrapolation of these standard curves demonstrated the copy number 
status of the genes identified with the consensus of 33.15 repeat (Figure 
29) and simple quadruplets of GACA (Figure 30) and GATA (Figure 31) 
which varied from 1 to 65 per haploid genome in buffalo. Here, 
representative Real Time plots, standard curves and dissociation curves 
have been shown to demonstrate the copy number calculation for these 
repeat tagged genes. 
The copy number for all the 33.15 repeat tagged genes were 
calculated as 1-2 per copies per haploid genome in the water buffalo 
(Table 13). Out of the 32 GACA-tagged transcripts studied, nineteen had 
single copy; eleven, 2-3; one each with 8-13 and 25-65 copies (Table 14). 
Similarly, of the 8 GATA-tagged transcripts, three were single copy and 
five had 2-5 copies (Table 14). Briefly, the copy number of the GACA- and 
GATA-tagged genes varied from 1 for 50%, 2-5 for 45% and 8-65 for the 
remaining 5% for all the GACA/GATA tagged genes/gene fragments 
(Table 14). 
4.1.6 Differential expression of the repeat tagged genes 
After ascertaining the tissue-specific organizational variation, their 
comparative expression profiles were studied to explore their functional 
status in different somatic tissues, gonads and spermatozoa. The 
expression study for each MASA uncovered gene/gene fragments was 
done first by RNA slot blot hybridization and RT-PCR analysis (for e.g. 
Figures 14 and 15). The quantitative expressional analysis was then 
performed for individual transcript using P-actin as an internal control in 
Real Time PCR. 
In the Real Time PCR analyses, primer specificity for the uncovered 
genes was established using five fold dilution series of the template cDNA 
(Figure 32A). Straight standard curve with a slope = (-3.4) to (-3.6) and a 
43 
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Figure 29. Representative Real Time PCR amplification plots for copy number 
calculation using the target DNA and 10 fold dilution series (From 300 million to 300 
copies) of recombinant plasmids containing 33.15 uncovered genes (A). The assays 
were performed using SYBR green chemistry and the derived Standard (B) and 
Dissociation Curves (C) are also shown. Single peak in the dissociation curve shows 
high specificity of the primers. Ct and Log Co denote the cycle threshold and log of 
concentration, respectively. 
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Figure 30. Representative Real Time PCR amplification plots for copy number 
calculation using target genomic DNA and 10 fold dilution series (From 300 million to 
300 copies) of recombinant plasmids containing GACA uncovered genes (A). The 
assays were performed using SYBR green chemistry and the derived Standard (B) 
and Dissociation Curves (C) are also shown. Single peak in the dissociation curve 
shows high specificity of the primer. Ct and Log Co denote the cycle threshold and log 
of concentration, respectively. 
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Figure 31 . Representative Real Time PCR amplification plots for copy number 
calculation using the target genomic DNA and 10 fold dilution series (From 300 million 
to 300 copies) of recombinant plasmids containing GATA uncovered genes (A). The 
derived Standard (B) and Dissociation Curves (C) using SYBR Green Dye. Single 
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Figure 32. Standard (A) and Dissociation Curves (B) based 
on Real Time PCR using SYBR Green Dye and five fold dilution 
series of the cDNA samples. Single peak in the dissociation 
curve shows high specificity of the primers. 
(RgsuCts 
single peak in the dissociation protocol established the specificity of the 
primers (Figure 32B). For the accuracy, the expression study was 
conducted using three different dilutions of cDNA. The results so obtained 
were substantiated further by expression data from five additional animals. 
4.1.6.1 Of the 33.15 repeat tagged genes 
Of the 7 gene fragments, 5 showed positive signals in all the tissues 
studied whereas 2 remained restricted to a particular tissue (Figure 14A). 
The 846 bp and 487 bp fragments also showed almost uniform signals in 
all the tissues (Figure 14B, panel a-b). The 324 bp fragment resulted in 
strong signals in testis, ovary and spleen but very faint ones in liver, heart 
and lung with the no signal detected in kidney (Figure 14B, panel c). 
However, P-actin used as positive control showed similar signal intensity in 
all the lanes (Figure 148, panels d and g). The 576 bp fragment again 
showed strong signal in spleen and a faint one in liver (Figure 14B, panel 
e) whereas 602 bp one uncovered signals in all the tissues (Figure 14B, 
panel f). The 1263 bp fragment having homology to Smoc-^ gene showed 
exclusive signal in the liver (shown in the section 4.2.2). However, upon 
long exposure, Smoc-I also showed its faint signal in the testis and ovary 
besides that prominent in the liver. 
By the Real Time PCR, relative expression of the tissue-originated 
genes, Smoc-I, AKL, TCRL, LRRN6A and TCRGL, was studied. Smoc-^ 
gene showed highest expression (160 folds) in liver (Figure 33A) and 
Adenylate kinase like (AKL) gene (65 folds) in testis (Figure 33B), 
compared to that in lung as endogenous control. TCRL gene showed 
highest expression (83 folds) in spleen relatively to that in heart (Figure 
33C). The highest expression of LRRN6A (42 folds) and TCRGL (165 
folds) genes was detected in testis compared to that in kidney as 
endogenous control (Figure 33D-E). 
Interestingly, the relative expressional studies of all the 
spermatozoal transcripts revealed that out of 12, only one transcript 
(GenBank expression number: EU348480) was showing uniform 
expression in all the tissues, 5 transcripts showed highest expression in 
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Figure 33. Real Time PCR amplification plots showing relative expression of the 
33.15 tagged genes and the respective bar diagrams demonstrating comparative 
analysis of the expression across the tissues and spermatozoa of buffalo. The 
expression plots and respective bar diagrams for somatic originated transcripts (A-
C), and for spermatozoa originated ones (D-G) are shown. Note the highest 
expression of most of the fragments in the testis and spermatozoa. 
1(esuCts 
the spermatozoa and 6 in both the testis and spermatozoa compared to 
that in somatic tissues and ovary (Table 13) 
4.1.6.2 Of the GACA tagged transcripts 
A total of 32 GACA-tagged transcripts were studied (Table 14) for 
the quantitative expressional studies using Real Time PCR assays. When 
the expression was compared between somatic tissues and gonads; -50% 
transcripts evidenced highest expression in testis, -20% in spleen/liver, 
and remaining -30% with uniform expression in all the tissues. Further, the 
comparative expression of these transcripts amongst tissues and 
spermatozoa unveiled surprising observations. First of all, 14 transcripts 
showed highest expression in the spermatozoa followed by in testis, and 3 
remained exclusive to the spermatozoa. Secondly, 2 transcripts 
demonstrated unique expression in testis, 4 in liver/spleen and 9 with 
consistent expression in all the sources studied. 
Among the uncovered transcripts, the highest expression observed 
was of Ankyrin repeat domain (3400-4390 folds in testis and 5120-8526 
folds in spermatozoa), followed by the WASF2 gene (3521 folds in testis 
and 2896 to 4792 folds in spermatozoa) (Figure 34A). The testis-specific 
expression was observed for only 2 transcripts namely Ubiquitin-
associated protein-1 (Ubap1) (Accession no. DQ534910), and 1.1 kb 
transcript representing (3.-transducin repeat (Accession no. DQ304116) 
(Figure 34B). Ubapl and fi-transducin repeat showed 150-200 and 100-
160 folds expression respectively in testis compared to that in kidney as 
calibrator. Some transcripts such as non-POU domain containing, 
octamer-binding gene (Accession no. DQ789047) showed either highest 
or exclusive expression in the spermatozoa (Figure 34C), whereas other 
transcripts for eg. HBGF-1 (Accession no. DQ534904), potassium voltage 
gated channel, member C (Accession no. DQ904039), etc. demonstrated 
uniform expression in all the tissues (Figure 34D-E). 
4.1.6.3 Of the GATA tagged transcripts 
Following this approach, we pursued with the expressional analysis 
of all the 10 transcripts uncovered by GATA repeat. Strikingly, all of them 
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Figure 34. Real Time PCR amplification plots showing quantitative expression of 
representative GACA-tagged transcripts demonstrating their expressional 
variations among somatic/gonadal tissues and spermatozoa. Four types of 
expressional profiles were uncovered with GACA; some transcripts with highest 
expression in testis and spermatozoa e.g. Ankyrin repeat domain (A), few in testis 
only e.g. Ubap1 (B), few in spermatozoa only e.g. novel pJSC3 (C), and others 
distributed almost uniformly in all the tissues e.g. HBGF-1 (D). For details, see 
table 14 and text. 
(Resufts 
demonstrated highest or unique expression either in testis or spermatozoa 
or both, compared to that in other somatic tissues (For details, please see 
table 14 & figure 35A-D). Lung and heart both showed almost negligible 
expression which substantiated the absence of the GATA-tagged 
transcripts in these somatic tissues. 
Thus, most of the 33.15-, GACA- and all the GATA-tagged 
transcripts were found to show exclusive or highest expression in the testis 
and/or spermatozoa. Detailed expressional analysis of all the GACA/GATA 
tagged transcripts including their clone IDs and accession numbers has 
been given in the table 14. 
4.1.7 Chromosomal mapping 
Chromosomal mapping was done for two candidate genes that 
have been characterized in other species and showed homology along 
their entire lengths. These two fragments of 523 and 217 bp represented 
the genes, Ankyrin repeat domain-26 (ANKD26) and Ubiquitin associated 
protein 1 (Ubap1), respectively. We performed chromosomal localization 
for these genes following signal amplification based method by 
Fluorescent in situ hybridization (FISH), as described earlier in the section 
3.11. The Ubapl gene was mapped onto short arm of the metacentric 
chromosome 3 (Figure 36) whereas Ankyrin repeat domain-26 (ANKD26) 
onto the proximal end of short arm of the sub-metacentric chromosome 4 
in water buffalo (Figure 37). 
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Figure 35. Real Time PCR amplification plots showing quantitative expression of 
representative GATA-tagged transcripts demonstrating their expressional 
variations among somatic/gonadal tissues and spermatozoa. Three types of 
expressional profiles were observed for GATA-tagged transcripts; some showed 
highest expression both in testis and spermatozoa e.g. novel pJSC34 (A), few in 
testis only e.g. novel pJSC33 (B), few others in spermatozoa only e.g. novel 
pJSC32 (C), and others highest in testis and spermatozoa but with minimal 
variation in comparison to somatic tissues e.g. novel pJSC31 (D). For details, see 




















Figure 36. Chromosomal 
mapping for the candidate Ubap1 
gene onto the short arm of 
metacentric chromosome 3 (A) and 
detailed mapping for the same with 
respect to its position on the G-
banded ideogram following 
ISCNDB 2000 has been shown in 

















Figure 37. Chromosomal mapping 
for the candidate Ankyrin repeat 
domain onto the proximal end of 
of sub-metacentric 
4 (A). Detailed 
these genes with 
respect to its position on the G-
banded ideogram following ISCNDB 






4.2 Isolation and detailed characterization of the candidate 
genes 
After accessing several known and novel genes tagged with the 
simple repeats of 33.15, GACA and GATA, we proceeded with the detailed 
characterization of few candidates for their full length isolation, domain 
organization, copy number status, in silico structural and functional 
analysis, in-vitro protein expression & purification, tissue & age specific 
transcription/translation and localization of the same onto the metaphase 
chromosomes. 
4.2.1 Proto-oncogene C-/c/Y receptor 
4.2.1.1 Isolation of full length CDS of buffalo c-kit receptor 
Following the conserved sequence(s) of c-kit across the species, 
four different primer sets were designed for the buffalo c-kit (Table 2), and 
used for the amplification of different c-kit fragments (Figure 38). These c-
kit fragments were individually cloned, and individual clones were 
confirmed by restriction analyses (Figure 39) following sequencing of all 
the fragments. The full length CDS of c-kit gene (Accession number: 
DQ314491) of water buffalo was deduced from the different overlapping 
fragments (Figure 38A, 40). 
The analyses of these different fragments of c-kit CDS revealed 
more than 85% homology at nucleotide level and approximately 95% 
identity at amino acid level with that of cattle. However, Clone I contained 
1497 bp insert with an open reading frame of 1454 bp encompassing 
immunoglobulin like folds and a small 5'-untranslated region (UTR). Clone 
II (1449 bp) covered nucleotides from 1525-2973 whereas Clone III 
represented the intermediate nucleotides 1498-2995 of the complete CDS 
with the overlapping sequence from clone I and II. Clone IV encompassing 
nucleotides 825-1504 of the full length c-kit CDS was used to confirm the 
overlapping sequences. This full length CDS encodes a putative protein of 
about 975 amino acids with a molecular mass of 108.2 kDa (Figure 40 and 




























Figure 38. Cloning strategy showing isolation of full length c-kit 
cDNA from buffalo. Different fragments generated by PCR to deduce 
full length c-kit CDS and their nucleotide boundaries are shown in (A). 
The PCR amplification of these different fragments from different 
tissues has been shown in (B). ATG are for start codon whereas '*' 
denotes the stop codon. 













Figure 39. Representative gel pictures for the restriction analyses done to check 
the insert size from the recombinant clones of c-kit using EcoR^ (A) and for 
interclonal variation using other enzyme sets (B). The sizes of insert released has 
been shown in the right of each gel picture. No interclonal variation was observed 
in any of the recombinant clones. The molecular size marker "IVi" is given in base 
pairs.. 
1 CCGGAACGTGGAACAGAGCTCCGGTCCTAGCGCAGCCACCGCG 
4 4 ATGAGAGGCGCTCGCGGCGCCTGGGATTTCCTCTTCGTTCTGCTG 
M R G A R G A W D F L F V L L 
8 9 CTCCTGCTCCTCGTCCAGACAGGCTCTTCTCAGCCTTCTGTGAGT 
L L L I i V Q T G S S Q P S V S 
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1 7 9 T T A A T T G T C A G C G T T G G C G A C G A G A T T A G G C T G T T A T G C A C T G A T 
L I V S V G D E I R L I i C T D 
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P G F V K W T F E I L G Q L S 
26 9 GAGAAAACAAACCCGGAATGGATCACCGAGAAAGCAGAGGTCACA 
E K T N P E W I T E K A E V T 
314 AATACAGGCAATTACACGTGCACCAATAAAGGCGGCTTGAGCAGT 
N T G N Y T C T N K G G L S S 
35 9 TCCATCTATGTGTTTGTTAGAGACCCCGAGAAGCTTTTCCTGATT 
S I Y V F V R D P E K L F L I 
404 GACCTTCCCTTGTACGGGAAAGAAGAAAACGACACGCTGGTTCGC 
D L P L Y G K E E N D T L V R 
44 9 TGTCCCCTGACAGACCCCGAGGTGACCAATTACTCTCTCACGGGG 
C P L T D P E V T N Y S L T G 
4 94 TGTGAGGGGAAACCTCTCCCTAAGGATTTGACGTTTGTGGCTGAC 
C E G K P L P K D L T F V A D 
53 9 CCCAAGGCAGGCATCACAATCAGAAATGTGAAGCGTGAGTACCAT 
P K A G I T I R N V K R E Y H 
584 CGGCTCTGTCTGCACTGCTCAGCGAATCAGAGGGGCAAGTCCGTG 
R L C L H C S A N Q R G K S V 
62 9 CTGTCGAAGAAATTCACTCTGAAAGTGCGGGCAGCCATCAAAGCT 
L S K K F T L K V R A A I K A 
674 GTGCCAGTTGTGTCTGTGTCCAAAACCAGCTATCTTCTCAGGGAA 
V P V V S V S K T S Y L L R E 
719 GGAGAGGAATTTGCAGTGACATGCTTGATTAAAGACGTGTCTAGT 
G E E F A V T C L I K D V S S 
7 64 TCCGTGGACTCTATGTGGATAAAGGAAAACAGCCAGCAGACTAAA 
S V D S M W I K E N S Q Q T K 
80 9 GCACAGACGAAGAAGAATAGCTGGCATCAGGGTGACTTCAGTTAT 
A Q T K K N S W H Q G D F S Y 
854 CTCCGTCAGGAAAGGTTGACTATCAGCTCAGCAAGAGTGAATGAT 
L R Q E R L T I S S A R V N D 
899 TCTGGTGTGTTCATGTGTTACGCCAATAATACTTTTGGATCAGCA 
S G V F M C Y A N N T F G S A 
944 AATGTCACAACAACCTTAGAAGTAGTAGATAAAGGATTCATTAAT 
N V T T T I i E V V D K G F I N 
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I F P M M N T T V F V N D G E 
1034 AATGTGGATCTGGTTGTTGAATATGAGGCATATCCCAAACCTGTA 
N V D L V V E Y E A Y P K P V 
107 9 CACCGACAGTGGATATATATGAACAGAACCTCCACTGATAAGTGG 
H R Q W I Y M N R T S T D K W 
1124 GACGATTATCCCAAGTCTGAAAATGAAAGTAACATCAGATACGTA 
D D Y P K S E N E S N I R Y V 
116 9 AATGAACTTCATCTAACCAGATTAAAAGGGACTGAAGGAGGCACT 
N E L H L T R L K G T E G G T 
1214 TACACATTTCACGTGTCCAATTCTGATGTCAATTCTTCCGTGACA 
Y T F H V S N S D V N S S V T 
1259 TTTAACGTTTACGTGAACACAAAACCAGAAATCCTGACGCATGAC 
F N V Y V N T K P E I L T H D 
13 04 AGGCTGGTGAATGGCATGCTACAGTGCGTGGCCGCAGGGTTCCCG 
R L V N G M L Q C V A A G F P 
134 9 GAGCCAACCATCGATTGGTACTTTTGTCCAGGAACCGAGCAGAGG 
E P T I D W Y F C P G T E Q R 
1 3 9 4 T G T T C T G T C C C G T T G G G C C A G T G G A T G T A C A G A T C C A A A A C T C A T 
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1619 CTGATTGGTTTTGTGATCGCAGCTGGTTTAATGTGTATCTTCGTG 
L I G F V I A A G L M C I F V 
16 64 GTGATTCTTACGTACAAATATTTGCAGAAACCCATGTATGAAGTA 
V I L T Y K Y L Q K P M Y E V 
17 0 9 CAGTGGAAAGTTGTCGAGGAGATAAATGGAAACAATTATGTTTAC 
Q W K V V E E I N G N N Y V Y 
1 7 5 4 A T A G A C C C A A C A C A A C T T C C T T A T G A T C A C A A A T G G G A G T T T C C C 
I D P T Q L P Y D H K W E F P 
17 9 9 AGGAACAGGCTGAGTTTTGGGAAAACCTTGGGTGCTGGCGCCTTC 
R N R L S F G K T L G A G A F 
1 8 4 4 G G G A A A G T T G T T G A G G C C A C C G C T T A T G G C T T A A T T A A A T C A G A T 
G K V V E A T A Y G L I K S D 
18 8 9 GCAGCCATGACTGTTGCTGTCAAGATGCTCAAACCAAGCGCCCAT 
A A M T V A V K M L K P S A H 
193 4 TTAACAGAACGAGGAGCCCTAATGTCTGAACTCAAAGTCTTGAGT 
L T E R G A L M S E L K V L S 
197 9 TACCTCGGTAATCATATGAATATTGTGAATCTTCTGGGAGCGTGC 
Y L G N H M N I V N L L G A C 
2 024 ACCATTGGAGGGCCCACCCTGGTCATTACAGAATATTGTTGCTAT 
T I G G P T L V I T E Y C C Y 
2 0 6 9 GGTGACCTTCTGAATTTTTTGAGAAGAAAACGTGATTCATTTATT 
G D L L N F L R R K R D S F I 
2114 TGCTCAAAGCAGGAAGATCACGCCGAAGTGGCGCTTTATAAGAAC 
C S K Q E D H A E V A L Y K N 
215 9 CTTTCTTCATTCAAAGGAGTCTTCCTGCAATGTTTGTACTATGAG 
L S S F K G V F L Q C L Y Y E 
22 04 TACATGGACATGAAACCTGGAGTTTCTTATGTTGTACCAACCAAG 
Y M D M K P G V S Y V V P T K 
224 9 GCAGACAAGAGGAGATCTGCAAGAATAGGGTTCATACATAGAAAG 
A D K R R S A R I G F I H R K 
22 94 AGACGTGACTCCTGCTATCATGGAAGATGTTTGGCTGGCCCCTGG 
R R D S C Y H G R C L A G P W 
2 3 3 9 A C C T G G A G G A C T T G C T G C G C T T T T C T T A C C A G G T G G C A A A A A G G C 
T W R T C C A F L T R W Q K G 
23 84 ATGGCGTTCCTTGCCTCAAAGAATTGTATTCATAGAGACTTGGCA 
M A F L A S K N C I H R D L A 
242 9 GCCAGAAATATCCTCCTTACTCATGGTCGAATCACAAAGATTTGT 
A R N I L L T H G R I T K I C 
2474 GATTTTGGTCTCGCCAGAGACATCAAGAATGATTCTAATTATGTG 
D F G L A R D I K N D S N Y V 
2519 GTCAAAGGAAACGCTCGACTCCCTGTGAAGTGGATGGCACCAGAG 
V K G N A R L P V K W M A P E 
2564 AGTATTTTCAACTGTGCTACCAGTGCTCTCCTTGCTGATTGTCAT 
S I F N C A T S A L L A D C H 
2 6 0 9 GCTGACTTGCAAACTGTTTGTGCCTCAGGAAGCAGCCCCTACCCT 
A D L Q T V C A S G S S P Y P 
2654 GGAATGCCAGTCGATTCTAAGTTCTACAAGATGATCAAGGAAGGT 
G M P V D S K F Y K M I K E G 
26 9 9 TTCCGAATGCTCAGCCCCGAGCATGCACCTGCGGAAATGTATGAC 
F R M L S P E H A P A E M Y D 
2 7 4 4 A T C A T G A A G A C C T G C T G G G A T G C T G A T C C C T T G A A A A G G C C A A C A 
I M K T C W D A D P L K R P T 
27 89 TTTAAGCAGATTGTGCAGCTGATTGAGAAGCAGATCTCAGAGAGC 
F K Q I V Q L I E K Q I S E S 
2 834 ACCAATCATATTTATTCCAACTTAGCAAACTGCAGTCCCCACCGG 
T N H I Y S N L A N C S P H R 
2879 GAGAACCCCACCGTGGACCATTCTGTGCGCATCAACTCTGTGGGC 
E N P T V D H S V R I N S V G 
2924 AGCAGCGCCTCCTCCACGCAGCCTCTGCTTGTCCACGAAGATGTC 
S S A S S T Q P L L V H E D V 
2 9 6 9 TGATC 2 9 7 3 
Figure 40. Complete c-kit cDNA sequence along with the 
deduced amino acids and exons are given. The exons are shown 
in alternate colors and the start/stop codons are overshadowed. 
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facilitated delineation of the exon-lntron boundaries. Buffalo c-kit gene has 
21 exons with exon/intron boundary similar to those reported in the cattle, 
goat and human. The exon boundaries and their encoding domains have 
been demonstrated in the figure 41). 
4.2.1.2 Domain organization of buffalo c-kit receptor 
The homology search of the c-kit protein showed the presence of all 
the domains characteristics of the receptor tyrosine kinase (RTK) family 
(Figure 41 and 42). Of the amplified 2973 bp of c-kit gene, 44-2969 
nucleotides encode 975 amino acids. Exons 1-9 encode extracellular 
domain containing immunoglobulin folds with 5'UTR and signal peptide, 
exon 10 codes for the transmembrane region while 11-21 represented the 
cytoplasmic domain consisting of tyrosine kinase and 3'UTR regions 
(Figure 42). Of the full length c-kit peptide, first 27 amino acids conformed 
to the signal peptide consensus whereas "aa" 220 to 308 represented 
Immunoglobulin like folds (Figure 42 and 43) and C-terminal region from 
residues 581-925 showed homology with catalytic tyrosine kinase domain 
and both domains have been separated by a small transmembrane 
domain. The tyrosine kinase domain harbors a conserved catalytic core 
common to both serine/threonine and tyrosine protein kinases involved in 
signal transduction (Figure 42 and 43). 
4.2.1.3 Tissue specific sequence variation resulting in truncated 
peptides 
Sequence alignment of c-kit gene across different somatic and 
gonadal tissues of buffalo showed several point nucleotide changes and 
INDELS specific to a particular tissue (Figure 44). These changes included 
a major deletion of 12 bp in lung and several single nucleotide 
deletions/substitutions in other tissues (Figure 44) resulting in the 
truncated peptide(s) of different lengths (Figure 45). Significantly, the full 
length c-kit protein of 975 residues was translated only in testis whereas 
remaining tissues showed either absence of the intracellular or 
transmembrane domains or both. This gave rise to a novel truncated c-kit 
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[^EKGMAFLASKNCIHRDLAARNILLTHGRITKICDFGLARDIGNDSNYWKGNARLPVK 8 3 5 
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HAPAEMYDgMKTCWDADPLKRPTFKQgVQLIEKQISgSTKHIYSNLANcJpSj J'PHJVD 951 
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JJQPLLVHSDS 977 
— J D S 978 
Sb" 976 
975 
Figure 42. Amino acid sequence alignment of buffalo c-kit with that of 
different species. Mutational hotspots exclusive to buffalo c-kit have been 
highlighted in red. The variations in buffalo shared by the cattle and goat has 
been shadowed dark red while the ones shared by the human are in blue 
background. 
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SKFYKMIKEGFRMgSPEHAPAEMYD ij MKTCWDADPLKRPTFKQ S VQLIEK 346 
SKFYKMIKEGFRMgSPEHAPAEMYD ij MKTCWDADPLKRPTFKQ' VQLIEK 347 
SKFYKMIKEGFRMSSPEHAPAEMYDIIMKTCWDADPLKRPTFKQ! VQLIEK 346 
SKFYKMIKEGFRMQSPEHAPAEMYDg MKTCWDADPLKRPTFKQ j VQLIEK 345 
*************.***********.*****************.****** 
Figure 43. Amino acid alignment of immunoglobulin (A) and tyrosine kinase 
(B) domains of c-kit from different species. Mutational hotspots in the buffalo c-








GTCTCACCATTGGAAAACTAGTGGTAAGTBGCACCATTGATGACAGCACATTCAAACAAA 14 99 
GTCTCACCATTGGAAAACTAGTGGTAAGTIGCACCATTGATGACAGCACATTCAAACAAA 14 99 
GTCTCACCATTGGAAAACTAGTGGTAAGTIGCACCATTGATGACAGCACATTCAAACAAA 14 99 
GTCTCACCATTGGAAAACTAGTGGTAAGTHGCACCATTGATGACAGCACATTCAAACAAA 14 99 
GTCTCACCATTGGAAAACTAGTGGTAAGTWGCACCATTGATGACAGCACATTCAAACAAA 15 00 
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AATATTTGCAGAAACCCATGTATGSAGTACAGTGGAAAGTTGTCGAGGAGATAAATGGAA 17 37 
AATATTTGCAGAAACCCATGTATGGAGTACAGTGGAAAGTTGTCGAGGAGATAAATGGAA 1 7 3 9 








ACAATTATGTTTACATAGACCCAACACAACTTCCTTATGATCACAAATGGGAGTTTCCCA 17 99 
ACAATTATGTTTACATAKACCCAACACAACTTCCTTATGATCACAAATGGGAGTTTCCCA 1798 
ACAATTATGTTTACATAHACCCAACACAACTTCCTTATGATCACAAATGGGAGTTTCCCA 17 86 
ACAATTATGTTTACATAEACCCAACACAACTTCCTTATGATCACAAATGGGAGTTTCCCA 17 97 
ACAATTATGTTTACATAGACCCAACACAACTTCCTTATGATCACAAATGGGAGTTTCCCA 17 99 











GGAACAGGCTGAGTTTTGGGAAAACCTTGGGTGCTGGCGCCTTCGGGAAAGTTGTTGAGG 18 59 












































































































Figure 44. Multiple nucleotide sequence alignment showing the c-kit 
region prone for the nucleotide changes amongst different tissues of adult 
buffalo. Please note the 12 bp deletion in the lung and several other point 
nucleotide variations compared to that in other tissues, which are 
highlighted. This was further confirmed by using samples from five 
additional animals. 
(ResuCts 
different tissues showing 475 residues in l<idney, 525 in liver, 521 in lung, 
577 in ovary and 674 in spleen (for details, see Figure 45). 
4.2.1.4 Alternate splicing of buffalo c-kit in different tissues 
The primers designed for amplifying the intracellular and 
transmembrane domains gave rise to many tissue specific alternatively 
spliced products (Figure 46). Of the four primer pairs used, CK174 and 
CK175, specific to intracellular domain showed 618 bp amplicon along 
with the expected 1480 bp one in testis (Figure 46A). In the heart and 
ovary, the same primer amplified 618 bp and 500 bp fragments, 
respectively, whereas in kidney and lung, only 500 bp fragment was 
detected in place of expected 1500 bp (not shown). These were construed 
to be the alternate transcripts after confirming their presence with the 
gradients of primer Tm and concentrations of PCR reagents. The 
presence of faint amplicons was confirmed by hybridizing the dried gel 
with [P^ ]^ a-dCTP labeled c-kit probe (Panels b of the figure 46). Other 
primer pair, OKI 50 & 151 specific to transmembrane domain and the part 
of ECD and ICD showed amplification of 480 bp along with the expected 
679 bp one in heart, testis and ovary (Figure 46B). This was also 
confirmed by Southern blotting in the form of discernible signal intensity 
(panel b of the figure 46B). In lung, the same primer set amplified 250, 500 
and 600 bp fragments along with the 683 bp amplicon (not shown). 
Similarly, the primer set OKI 48/149 amplified two extra bands of 620 and 
350 bp in lung and liver, respectively and a 620 bp one in addition to the 
expected 1437 bp one in both the heart and spleen (Figure 46C). Primer 
set OKI 76/177 specific to extracellular domain did not show alternative 
splicing. 
4.2.1.5 Uniqueness in the tyrosine kinase domain of buffalo c-kit 
receptor 
The comparison of the amino acid sequences of the buffalo c-kit 
across the species showed 98% homology with cattle and goat and 88% 
and 81% with human and mouse, respectively. The c-kit CDS from 14 























































SVDSMWIKENSQQTKAQTKKNSWHQGDFSYLRQERLTISSARVNDSGVFMCYANNTFGSA 3 00 
SVDSMWIKENSQQTKAQTKKNSWHQGDFSYLRQERLTISSARVNDSGVFMCYANNTFGSA 3 00 
SVDSMWIKENSQQTKAQTKKNSWHQGDFSYLRQERLTISSARVNDSGVFMCYANNTFGSA 300 
























DDYPKSENESNIRYVNELHLTRLKGTEGGTYTFHVSNSDVNSSVTFNVYVNTKPEILTHD 42 0 
DDYPKSENESNIRYVNELHLTRLKGTEGGTYTFHVSNSDVNSSVTFNVYVNTKPEILTHD 420 




















STFKQMGRWSAGLITMWAEVLPLLTLYLKVTAK NKSMLTP CSRRC 525 
STFKQMGRWSAGLITMWARVLPLLTLYLKVTAK NKSMLTP CSRRCCWFC 529 




























































Figure 45. Multiple sequence alignment showing truncated peptides of 
c-kit from different tissues of adult buffalo except testis. This is due to the 
lots pf variations in the nucleotides originating from different tissues 
leading to the stop codon insertion. 
(A) 












Figure 46. Alternatively spliced mRNA transcripts of c-kit detected with three 
different sets of primers. Set CK174 and CK175 amplified 618 bp fragment in 
addition to the expected 1480 bp one in testis (A), CK150 & 151 generated 480 
bp in addition to the expected 679 bp one in testis (B). Transcripts of similar 
sizes were also obtained from heart and ovary (not shown). CK148 & 49 gave 
rise to 620 and 350 bp fragments in addition to the expected 1437 bp one in 
lung (C) and same result was obtained in liver also (not shown). 'M' represents 
the molecular marker in base pairs, lanes 1-5 represents 5 different annealing 
temperatures (61-66°C), and sub-panels 'a' and 'b' represents agarose gel and 
corresponding autoradiogram, respectively, in panels A-C. 
^esuCts 
residues, number of exons, chromosomal position and homology status 
with buffalo c-kit are given in the table 15. Although the IgG like domain of 
buffalo c-kit gene did not show such mutational hotspots, most of the 
alterations were shared in buffalo, goat and cattle in comparison to human 
and mice (Figure 43A). Interestingly buffalo c-kit gene also showed 
frequent mutational hotspots in the tyrosine kinase domain making it 
unique compared to that in goat, cattle, mouse and human c-kit gene 
(Figure 43B). Major amino acid changes included either from a charged 
polar residue to uncharged polar or from charged/uncharged polar to non-
polar residues and vice-versa (Figure 43B). 
The predicted secondary structure(s) of the buffalo c-kit also 
showed minor alterations (Figure 47). These changes included a coil of 12 
residues in place of helix at one place in the tyrosine kinase domain and 
random changes throughout the peptide length similar to those detected in 
goat, cattle or human (Figure 47) without any major impact on the tertiary 
structure of the protein(s) (Figure 48). The tertiary structures were 
predicted using (http://www.sbg.bio.ic.ac.uk/phyre). 
4.2.1.6 Evolutionary relationship of buffalo c-kit gene with other 
species 
The buffalo c-kit showed cross-hybridization with genomic DNA 
from 13 other species with almost equal signal intensity (Figure 49A) 
confirming its faithful evolutionary conservation in different mammalian 
species. The c-kit sequence(s) were studied in-silico among different 
species for its gene structure, size, translation length and domain 
organization (For details see Table 15) Phylogenetic trees based on 
multiple alignment of the c-kit sequences from different species (Table 15) 
showed that the buffalo c-kit was closer to that of Bos taurus, Bos 
primigenius and Capra hircus compared to that in other species (Figure 
49B). On the other hand, Galius gallus was found to be the most distant 
species. Only those species were considered for the phylogenetic 














































CCCCHHHHHHHHHJIJJGJUIGGGCCCCCCCCCCCCCCCC^CCCCCEEEEECCCEEEEEECC 6 0 
CCCCCHHHHHHHHEEEEEEEECCCCCCCCCCCCCCCCE|CCCCCEEEEECCCEEEEEECC 6 0 
^'""""S^CCCCCCCCCCCCCCCCgCCCCCCEEEEECCCEEEEEECC 6 0 




**** * * * * * * * * 
CCEEEEGCCCCCC^JCCCCTOEEEEEE^CCCCCEEEEEECCCCJ^EEEEEEECCCCCCEEG 1 2 0 
CCEEEE |CCCCCCCCCC^EEEEEEEECCCCCEEEEEECCCCCEEEEEEECCCCCCEEE 12 0 
CCEEEECCCCCCCCCCCCEEEEEEEEEGCCCCCEEEEEECCCC^EEEEEEECCCCCCEES 1 2 0 
CCEEEE|]CCCCCCCCCCC5EEEEEEEEECCCCCEEEEEECCCCCEEEEEEECCCCCCEES 120 
****** ****** **** * ***** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 














******* **** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
EEEEEEEEEgCCgEEECCCCCCgEEEECCCf^EEEEEEEgCCCCCCEEEEEEScCCCCCCC 360 
EEEEEEEEECCCSEEECCCCCCCEEEECCCCEEEEEEEECCCCCCEEEEEEBCCCCCCCC 359 
EEEEEEEEECCCEEEECCCCCCRAEEEECCCCEEEEEEEECCCCCCEEEEEEGCCCCCCCC 3 6 0 
EEEEEEEEECCCCEEECCCCCCCEEEECCCCEEEEEEEGCCCCCCEEEEEE-CCCCCCCC 3 5 9 
* * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *_** * * * * * * 
C C C E E E ^ C C C ^ E E E E E E E E E E E ^ C C C C C J 5 E E E E E E ^ C C O ~ E E E E E E E E E P C C B E E E ^ 419 
CCCEEEEECCCgEEEEEEEEEEElcCCCCCEEEEEEfficCC^EEEEEEEEEECCgEEEgE 419 
CCCEEEEECCCCEEEEEEEEEEECCCCCCCEEEEEE^CCCCEEEEEEEEECCCEEEECB 420 
CCCEEEEGCCCCEEEEEEEEEEEJ^CCCCCCEEEEEEJ^CCCCEEEEEEEEEECCEEEEJ^ 4 1 9 
****** *** * * * * * * * * * * * ***** * ***** *** * * * * * * * * * ** *** 
gCCCgEEEEEEECCCCCCEEEEEBECCCgJCCCCScCCCCCEEEijy^^CCCCEEEE 474 
E C C C E E E E E E E E C C C C C C E E E E E H C C C C E E E C C C C E C C C C C C E E E E E CCCCEEEE 473 
BCCCBEEEEEEECCCCCCEEEEEJECCC^HCCCCBCCCCCCEEEEEEECCCCCCEEEE 475 
gCCCgEEEEEEECCCCCCEEEEEEEgcCC^JcCCcScCCCCCEEEEEEEJjCCCCCEEEE 476 










************** i,i,i,^i, ***** *************************** ** 
E C C C C C C C E E E E E E E E C C C C C C C - - E E E E E E E [ ^ C C C C C C H H H H H H H H H H H H H H H H H C C C C 651 
CCCCCCCCEEEEEEEECCCCCCC--EEEEEEECCCCCCCHHHHHHHHHHHHHHHHHCCCC 651 
C C C C C C C C E E E E E E E E C C C C C C C - - C E E E E E E C C C C C C C H H H H H H H H H H H H H H H H H C C C C 652 
ECCCCCCCEEEEEEEECCCCCCC--EEEEEEECCCCCCCHHKHHHHHHHHHHHHHHCCCC 652 




































******** *** ******************** 
H H H H H H H H H H H H H H H C C C H H H H H H H H H ^ ^ C C C E E E E E C C C S E E J ^ C C C C C C E E E C C C C 831 
HHHHHHHHHHHHHHHCCCHHHHHHHHHS ScCCEEEEECCCgEEHHCCCCCCEEECCCC 830 
HHHHHHHHCHHHHHHCCCHHHHHHHHH^ gECCCEEEEECCCEEEgHCCCCCCEEECCCC 832 
HHHHHHHHHHHHHHHCCCHHHHHHHHIffiHI^ CCCEEEEECCCgEE|HCCCCCCEEECCCC 8 3 1 




CCCECCCHHHHHCCCEECCCEEEECgEEEEEEEECCCCCCCCCCCHHHHHHHHHJIJCCCCC 8 9 1 




CCCCCCHHHHHHHHHHH^CCCCCCCCHHHHHHHHHHHHHHjiiHCCEEECCCCCCCCCCCCC 9 5 1 






Figure 47. Multiple alignments of predicted secondary structures of c-kit 
from different species. Note the replacement of helix formed by 12 residues 
to a coll at one place in tyrosine kinase domain along with minor alterations 
throughout the protein. 
Figure 48. Multiple alignments of predicted tertiary structures of c-kit 
protein from different species. Buffalo (A), Cattle (B), Human (C) and 
Chimpanzee (D). 
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Figure 49. Evolutionary conservation of c-kit gene across the species based 
on the cross hybridization of buffalo c-kit with genomic DNA from different 
sources (A) and phylogenetic tree based on the sequence alignment using c-









«« ft re re 
2 § 
• - 2 
^ -(0 re 
.2 E ** 
u o ^ 
a o ^ 
w £ o 













O) 0) 1 
O JC O 
o ^ 1 
O 
O 00 05 
00 






S CO 00 00 in C D 00 00 CO 00 C3) 00 CO CO CO 00 
c ra O 
2 S ™ h o o 


































































































































































































































































































































CM CO • ^ in CD r^  c» C3) o ^ CM CO • ^ in 
'JjesuCts 
4.2.1.7 Buffalo genome has single copy of c-kit gene 
The copy number of the c-kit gene was estimated using Real Time 
PCR and absolute quantitation assays. The methodologies have been 
explained earlier in the section 3.10. Extrapolation of the standard curve 
showed a single copy of the c-kit gene per haploid genome of buffalo 
(Figure 50). 
4.2.1.8 Relative expression of c-k/f receptor gene based on Real 
Time PCR 
Expression of c-kit gene was studied using cDNA templates from 
different tissues in a relative quantitation assays with the Real Time PCR 
(Figure 51A-B). Using 3-actin as an internal control and liver cDNA as 
calibrator tissue, highest level of expression (163 folds) of c-kit was 
observed in testis (Figure 51C). This was substantiated by expression 
data from testis and ovaries of four different male and female animals, 
respectively, which showed 137-177 folds higher expression of c-kit in 
testis (Figure 51C-D). The c-kit expression in testis was found to be 
approximately 5 folds higher compared to that in ovaries. The details on 
the calculation with respect to level of expression have been described 
earlier. 
In an independent assay, the same amount of testis and semen 
cDNA showed a Ct difference of 3.4 with the same set of primers (Table 
16). This translated into ten fold higher expression of c-kit in testis as 
compared to that in the spermatozoa. The expression analysis was 
corroborated by expression data observed from ten different animals. 
However, this study was based on the relative quantitation of mRNA 




Delta Rn vs Cycle number 
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Figure 50. Copy number calculation for c-kit. Real Time PCR 
amplification plot based using 10 fold dilution series of recombinant 
plasmid containing c-kit gene (A) and standard curve (B) based on 
this dilution series which lead to the copy number status of c-kit as 
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Figure 51. Standard (A) and Dissociation Curves (B) based on Real Time PCR 
using SYBR Green Dye and five fold dilution series of the cDNA. Single peak in the 
dissociation curve reflects high specificity of the primer. Real Time PCR based 
relative quantitation of c-kit expression in different tissues of buffalo showing 
maximum expression (163 folds) in testis compared to that in liver taken as an 
endogenous control (C) and amplification of the same in testes and ovaries of four 
different animals (D). Note the expression of c-kit in testis ranging from 137-177 folds 
higher than that in any other tissue. 
Table 16: Mean Ct values for c-kit in testis and semen 
samples using same amount of cDNA from both ACt of 3.3 
(approx) demonstrates 10 fold difference in the expression 
* . levels. 
S.N. Testis Semen ACt 
(Semen-Testis) Sample ID Ct Sample ID Ct 
1 tesA 24.303 255s 27.603 3.30 
2 tesB 23.680 256s 27.020 3.340 
3 tesC 24.00 257s 27.326 3.326 
4 tesD 24.330 326s 27.630 3.30 
^?suCts 
4.2.2 Secreted modular calcium binding factor-1 {Smoc-^) 
4.2.2.1 Isolation and cloning of buffalo Smoc-1 
The cloning strategy for the isolation of the full length Smoc-1 
CDS of 3474 bp and 1933 bp has been demonstrated in the figure 52A-B 
and described earlier in the section 3.5. Briefly, all the fragments were 
PCR amplified (Figure 53) using different primer pair sets (Table 3), and 
were subsequently cloned (Figure 54) and sequenced. 
Clone I contained an insert of 1263 bp (PSmoc-1) lacking 573' 
UTRs and a signal peptide sequence. Clone II (1414 bp) covered complete 
coding sequence from nucleotides 119-1603 but with partial 5' & 3' UTRs. 
The 3' UTR was covered by three fragments represented by clone III, IV & 
V of which clone III covered nucleotides from 1461-2473; clone IV, 2307-
3328; and clone V, 2435-3428 (Figure 52). The polyadenylation signals 
were accessed with 3' RACE followed by sequencing of 30 recombinants. 
This resulted in the identification of two other clones (Clone VII & VIII). 
Clone VII represented nucleotides 1407-1915 followed by 17mer Poly(A) 
tail. Clone VIII covered 2435-3474 encompassing 18mer Poly(A) tail. The 
5' UTR represented by clone Vi (nucleotides 1-649) was generated by 5' 
RACE (Figure 53 and 54). 
Following this strategy, the full length CDS of Smoc-I was 
deduced from the different overlapping fragments (Figure 52 and 55), and 
then submitted to the GenBank and the accession numbers were obtained 
(GenBank accession numbers: DQ159955 and EF446167). The GC rich 
5'-UTR of 239 bp was followed by an initiating ATG codon and the 
terminating TAA codon fell at nucleotide 1545 (Figure 55). Thus, 
translation of the sequence from nucleotide 240 to 1544 encodes a 
putative protein of 435 amino acids with a calculated molecular mass of 
48332 Da with a predicted oxidoreductase activity. Multiple sequence 
alignments showed that buffalo Smoc-1 protein is 95% and 98% identical 
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Figure 53. Isolation of Smoc-1 gene by RACE (A) and PCR 
amplification using different primer sets designed (B). The amplification 
product sizes are given on the right of each gel picture. This product was 








Figure 54. Representative pictures for the restriction 
analyses of tine recombinant clones of Smoc-1: using EcoR1 
(a-g). The sizes of insert released for particular fragment has 
been shown in the right of each gel picture. The molecular size 
marker "M" is given in base pairs. . 













































_ G - - G - - G - - R - - F - - S - - E - - P - - D - - P - - S - - H - - T - - L - - E - - E - - R - - V - - V -
CACTGGTATTTCAGCCAGCTGGACAGCAACAGCAGCAGCGACATCAACAAGCGCGAG 
_ H - - W - - Y - - F - - S - - Q - - L - - D - - S - - N - - S - - - S - - S - - D - - I - - N - - K - - R - - E -
ATGAAGCCCTTCAAGCGCTATGTGAAGAAGAAAGCCAAGCCCAAGAAATGTGCCCGG 
. M - - K - - P - - F - - K - - R - - Y - - V - - K - - K - - K - - A - - K - - P - - K - - K - - C - - A - - R -
CGTTTCACTGACTACTGTGACCTGAACAAGGACAAGGTCATCTCACTGCCCGAGCTG 
_ R _ - F . - T - - D - - Y - - C - - D - - L - - N - - K - - D - - K - - V - - I - - S - - L - - P - - E - - L -
AAGGGCTGCCTGGGTGTTAGCAAAGAAGTAGGACGCCTCGTCTAA^pGCAGAAACH 







^AAAAAAAAAAAAAAAAA(transcript v a r i a n t - 0 0 2 ) 



























Figure 55. Complete cDNA sequence with the deduced amino acid sequences. The 
exons are shown in altemate colors and the start/stop codons in boldface & violet. 
The putative signal peptide sequence is underlined. The RNA instability motifs 
(ATTTA) are overshadowed yellow whereas polyadenylation signals (AATAAA) are 
underlined and shadowed yellow. The Poly(A) tail for transcript variant-02 is indicated 
by an inserted arrow and for variant-01 in boldface at the end of the sequence. Note 
the sequence 5'AAAAAA3' in transcript variant-01 is replaced by 5'AATAAA3' in 
variant-02 as evident by sequence analysis of 25 recombinant clones. 
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4.2.2.2 Buffalo Smoc-1 shows two transcript variants 
Northern blot detected two bands of 3.5 kb and 2.0 kb (Figure 56) 
which were confirmed to be two transcript variants of Smoc-^ with RACE 
and sequencing (Figure 52 and 55), variant-01 of 3474 bp (GenBank: 
DQ159955) and variant-02 of 1933 bp (GenBank: EF446167). Both the 
variants encoded for identical proteins but differed at their 3'UTR length, 
polyadenylation signals and Poly(A) tails. In the 3' UTR of variant-01 & -
02, five & two copies of mRNA instability motif (ATTTA), respectively, were 
observed. In addition, there were orthodox polyadenylation signals 
(AATAAA), 1787 and 334 bp downstream of the translation termination 
codon, in transcript variant-01 and -02, respectively (Figure 55). 
Interestingly, two types of transcripts of Smoc-1 have been reported 
independently in the literature for human (GenBank: AJ249900 and 
BC011548) and cattle (GenBank; XM_612029 and NM_01079771). 
Database search and multiple nucleotide sequence alignment of both the 
variants showed their sequence conservation across various species even 
for the presence of poly(A) tails (Figure 57). 
4.2.2.3 Structure of the buffalo Smoc-1 and its phylogenetic 
delineation 
The buffalo SAT70C-1 gene was found to have 12 exons, varying in 
length from 48 to 1916 bp in variant-01 and 48 to 402 bp in variant-02 (5'" 
being the smallest and 12'^ , the longest one) (Figure 52 and 55). Each 
domain of Smoc-1 is encoded by one or more exons and the domain 
borders coincide with the conserved splice sites. The buffalo Smoc-1 
cross-hybridized to genomic DNA from 13 different species with almost 
equal signal intensity, confirming its faithful conservation across the 
species (Figure 58A). The Smoc-^ from different mammals was studied In-
silico for the transcript/gene and translation lengths, number of exons, 
chromosomal position, and the homology with that from the buffalo (Table 
17). 
Thereafter the phylogenetic analyses demonstrated that the buffalo 
Smoc-^ is closer with that of cattle followed by in human and chimpanzee, 
whereas dog was found to be the most distant one (Figure 58B). In 
53 




Figure 56. Two transcript variants of SA77OC-1. Northern blot 
showing two transcript variants of Smoc-I in different somatic 
and gonadal tissues of water buffalo. Note two distinct bands 
with varying intensity in each tissue along with highest 
expression in liver, and lowest in lung, kidney, and hear (A) and 
the (l-actin gave equal signal in each lane (B). 
B u f f a l o - 0 1 
B u f f a l o - 0 2 
C a t t l e - 0 1 
C a t t l e - 0 2 
Human- 0 1 
Hximan - 0 2 
B u f f a l o - 0 1 
B u f £ a l o - 0 2 
C a t t l e - 0 1 
C a t t l e - 0 2 



















A C A C G C T C G C G C T C C A G C T C C C C T C C T G C G - C G G T T -
ACACGCTCGCGCTCCAGCTCCCCTCCTGCG-CGGTT-
** **** ***** ****** *** * * ***** 
I C G G T T M C A T G . 
I C G G T T J J C A T G , 
| C G G T T - C A T G . 










































CCCIG3CG 23 0 
C C C I G C I C G 231 
C G A A G G A A G G A A G G G A G G C G C G - C T G T G C G C C C C G C G G A G C C C G C G A A C C C C G C T C G 22 6 
C G A A G G A A G G A A G G G A G G C G C G - C T G T G C G C C C C G C G G A G C C C G C G A A C C C C G C T C G 22 5 
**** ******* 









C I G C C K C T G C C C I 
CIGCCIGCTGCCCI 
CIGCCIGCTGCCC 
IclGGCllGGCACCATGCTGCCCGCGCGCTGCGCCgGCCTGCTCA 27 0 
IclGGclrGGCACCATGCTGCCCGCGCGCTGCGCCgGCCTGCTCA 27 0 
ICIGGCITGGCACCATGCTGCCCGCGCGCTGCGCCCGCCTGCTCA 2 9 0 
I C B G G C B T G G C A C C A T G C T G C C C G C G C G C T G C G C C C G C C T G C T C A 291 
C T G C C G G C T G C C C A G C C T G G C - T G G C A C C A T G C T G C C C G C G C G C T G C G C C C G C C T G C T C A 2 8 5 
C T G C C G G C T G C C C A G C C T G G C - T G G C A C C A T G C T G C C C G C G C G C T G C G C C C G C C T G C T C A 284 


























G C C C C A G G T T T C T B A T A A G T G A C C G T G A C C C I C A G T G C A A C C T C C A C T G C T C C A G G A C T C 3 9 0 
GCCCCAGGTTTCTBATAAGTGACCGTGACCCICAGTGCAACCTCCACTGCTCCAGGACTC 3 9 0 
G C C C C A G G T T T C T B A T A A G T G A C C G T G A C C C I C A G T G C A A C C T C C A C T G C T C C A G G A C T C 410 
G C C C C A G G T T T C T | A T A A G T G A C C G T G A C C C | C A G T G C A A C C T C C A C T G C T C C A G G A C T C 411 
G C C C C A G G T T T C T A A T A A G T G A C C G T G A C C C A C A G T G C A A C C T C C A C T G C T C C A G G A C T C 4 05 
G C C C C A G G T T T C T A A T A A G T G A C C G T G A C C C A C A G T G C A A C C T C C A C T G C T C C A G G A C T C 4 04 











G G C A G G T C C T A C G A G T C C A T G T G T G A G T A C C A G C 4 5 0 
G G C A G G T C C T A C G A G T C C A T G T G T G A G T A C C A G C 45 0 
I G G C A G G T C C T A T G A G T C C A T G T G T G A G T A C C A G C 4 7 0 
I G G C A G G T C C T A T G A G T C C A T G T G T G A G T A C C A G C 471 
A A C C C A A A C C C A T C T G T G C C T C T G A T G G C A G G T C C T A C G A G T C C A T G T G T G A G T A C C A G C 4 6 5 
A A C C C A A A C C C A T C T G T G C C T C T G A T G G C A G G T C C T A C G A G T C C A T G T G T G A G T A C C A G C 4 64 















GAGC C A A G T G C C G A G A C C 
GAGCCAAGTGCCGAGACC 




\ G A T G C A A A G A B G C T G 510 
I I G A T G C A A A G A B G C T G 510 
^ G A T G C A A A G A • G C T G 5 3 0 
\ G A T G C A A A G A 1 G C T G 531 
GAGCCAAGTGCCGAGACCCGACCCTGGGCGTGGTGCATCGAGGTAGATGCAAAGATGCTG 525 
G A G C C A A G T G C C G A G A C C C G A C C C T G G G C G T G G T G C A T C G A G G T A G A T G C A A A G A T G C T G 524 
**** ************** ******* **** ********* *********** **** 
GCCAGAGCAAGTGTCGCCTGGAGCGGGCTCABGCCCTGGgGCAAGCCAAGAAGCClCAGG 57 0 
G C C A G A G C A A G T G T C G C C T G G A G C G G G C T C A B G C C C T G G £ G C A A G C C A A G A A G C C | C A G G 57 0 
G C C A G A G C A A G T G T C G C C T G G A G C G G G C T C A I G C C C T G G A G C A A G C C A A G A A G C C I C A G G 5 9 0 
G C C A G A G C A A G T G T C G C C T G G A G C G G G C T C A | G C C C T G G A G C A A G C C A A G A A G C C | C A G G 5 91 
G C C A G A G C A A G T G T C G C C T G G A G C G G G C T C A A G C C C T G G A G C A A G C C A A G A A G C C T C A G G 58 5 
G C C A G A G C A A G T G T C G C C T G G A G C G G G C T C A A G C C C T G G A G C A A G C C A A G A A G C C T C A G G 584 








T G T T T G T C C ^ 
ITGTTTGTCC' 
C G A G G A T G G C T C C T T T A C C C A G G T G C A G T G C C A T A 63 0 
IcGAGGATGGCTCCTTTACCCAGGTGCAGTGCCATA 63 0 
C G A G G A T G G C T C C T T T A C C C A G G T G C A G T G C C A T A 65 0 
ICGAGGATGGCTCCTTTACCCAGGTGCAGTGCCATA 6 51 
A A G C T G T G T T T G T C C C A G A G T G T G G C G A G G A T G G C T C C T T T A C C C A G G T G C A G T G C C A T A 64 5 
AAGCTGTGTTTGTCCCAGAGTGTGGCGAGGATGGCTCCTTTACCCAGGTGCAGTGCCATA 644 
** ********* ******* 











CTTACACBGGGTACTGCTGGTGTGTCACCCCI IG G G A A G C C C A T C A G T G G C T C T T C T G 69 0 G G G A A G C C C A T C A G T G G C T C T T C T G 690 G G G A A G C C C A T C A G T G G C T C T T C T G 710 G G G A A G C C C A T C A G T G G C T C T T C T G 711 
CTTACACTGGGTACTGCTGGTGTGTCACCCCGGATGGGAAGCCCATCAGTGGCTCTTCTG 7 05 
CTTACACTGGGTACTGCTGGTGTGTCACCCCGGATGGGAAGCCCATCAGTGGCTCTTCTG 7 04 
************* 
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I GCGBCCGCTGCCBG GGGCGBCCGCTGCCBG GBCCGCTGCCBG GGGCGJCCGCTGCCJG G G A C C T C C A C A C G C T A J J G T G A T G C C C A 1110 G G A C C T C C A C A C G C T A 3 G T G A T G C C C A 1110 G G A C C T C C A C A C G C T A C G T G A T G C C C A 113 0 I C G C T G C C J G G G A C C T C C A C A C G C T A C G T G A T G C C C A 1131 
C C G C T G C C T G G G A C C T C C A C A C G C T A C G T G A T G C C C A 112 5 
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GATGGATCACCAGACACCTAACCTTCAGCGTTGCCCAJGGCCCTGCCACATCCCGTGTAA 
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A T T A T C C A C A A A G G A T T T G C A T T A C G - T C A C T C G A A A C G T T T T C A T C C A T G C T T A G C A T C 2 4 3 8 
B u f f a l o - 0 1 
B u f f a l o - 0 2 
C a t t l e - 0 1 
C a t t l e - 0 2 
H u m a n - 0 1 
H u m a n - 0 2 
T A C T C C A C G T A A A G C A G G A G A G G G G A G G C A G A G A A G A A A - - G A C A C C C C G C G G J G A C C T T G 2 4 2 3 
T A C T C C A C G T A A A G C A G G A G A G G G G A G G C A G A G A A G A A A A A G A C A C C C C G C G G G A C C T T T 24 3 9 
T A C T C T G T A T A A C G C A T G A G A G G G G A G G C A A A G A A G A A A A G G A C A C A C G G A A G G G C C T T T 24 9 8 
B u f f a l o - 0 1 
B u f f a l o - 0 2 
C a t t l e - 0 1 
C a t t l e - 0 2 
Hujnan - 01 
H u m a n - 0 2 
T A T T T A G T A G T T A A A T G T A A T A T C T G A G C A G T G G A G G T A G A A G C A C A G A A G G C T T G T C C T 24 8 3 
T A T T T A G T A G T T A A A T G T A A T A T C T G A G C A G T G G A G G T A G A A G C A C A G A A G G C C T G T C C T 2 4 9 9 
A A A A A A G T A G A T A - - T T T A A T A T C T A A G C A G G G G A G G G G A C A G G A C A G A A A G C C T G C A C T 2556 
B u f f a l o - 0 1 
B u f f a l o - 0 2 
C a t t l e - O l 
C a t t l e - 0 2 
H u m a n - 0 1 
H u m a n - 0 2 
B u f f a l o - 0 1 
B u f f a l o - 0 2 
C a t t l e - 0 1 
C a t t l e - 0 2 
H u m a n - 01 
H u m a n - O 2 
G G T G A G T C C A G T G C C C A C C C A G G G - C T T T T C A C C T C T C - A C A C A C C C A T G A A T G A G G C T T 2 541 
G G T G A G T C C A G T G C C C A C C C A A G G - C T T C T C A C C T G T C - A C A C A C C C A T G A A T G A G G C T T 2 5 5 7 
G A G G G G T G C G G T G C C A A C A G G G A A A C T C T T C A C C T C C C T G C A A A C C T A C C A G T G A G G C T C 2 616 
C C T G A G A C A A C G C C C A A T G C C G A G G T C A G A C T A G G C A G C T A C T T C T G C A G T C C T C T 2 5 9 7 
C C T G A G A C A G C G C C C A G T G C C A A G G T C A G A C T A G G C A G C T A C T T C T G C A G T C C T C T 2 613 
C C A G A G A C G C A G C T G T C T C A G T G C C C A G G G G C A G A T T G G G T G T G A C C T C T C C A C T C C T C C 2 6 7 6 
B u f f a l o - 0 1 
B u f f a l o - 0 2 
C a t t l e - 0 1 
C a t t l e - 0 2 
Huxnan- 01 
H u m a n - O 2 
T T C T C C C - C T C C T G T T C T C C A G G T C A G C G T A A G C C T G C G - G G A A G A G T T G CAT 2 648 
T T C T C C C - C T C C T O T T C T C C A G C T C A G C G T A A G C C T G T G - G G A A G A G T T G T G T 2664 
A T C T C C T G C T G T T G T C C T A G T G G C T A T C A C A G G C C T G G G T G G G T G G G T T G G G G G A A G T G T 2 7 3 6 
B u f f a l o - 0 1 
B u f f a l o - 0 2 
C a t t l e - 0 1 
C a t t l e - 0 2 
H u m a n - O l 
Huxnan - 0 2 
C C A T C A C C T T G T T G G T C A C T C A A C C G T T T A T T T T T T T T T T G T T G T T A A A C T C A G T A C T G A 27 0 8 
C A G T C A C C T T G T T G Q T A A C A C T A A A G T T G T T T T G T T G G T T T T T T A A A A A C C C A A T A C T G A 2 7 9 6 
B u f f a l o - 0 1 
B u f f a l o ~ 0 2 
C a t t l e - 0 1 
C a t t l e - 0 2 
Humaxi - o 1 
H u m a n - 0 2 
G G T T C T T C C T G T T T T C C T A A A C T C T C T T A T G G G C T T C C A G G C T T G A G G C C A G T T C C A G G - 2 7 6 7 
G G T T C T T C C T G T T T T C C T A A A C G C T C T T A T G G G C T T C C A G G C T T G A G G C C A G T T C C A G G - 27 82 
G G T T C T T C C T G T T C C C T C A A O T T T T C T T A T G G G C T T C C A G G C T T T A A G C T A A T T C C A G A A 285 6 
B u f f a l o - O l 
B u f f a l o - 0 2 
C a t t l e - 0 1 
C a t t l e - 0 2 
H u m a n - 0 1 
H u m a n - 0 2 
G C C A A A T T C A T G T T G G G C C T G T T A C T T C T G C A T C C C T T G G A A G T G A G G A C A G A A T G G C C C 2 827 
G C C A A A T T C A T G T T G G G C C T G T T A C T T C T G C A T C C C T T G G A A G T G A G G A C G G A A T G G C C C 2 84 2 
G T A A A A C T G A T C T T G G G T T T C C T A - T T C T G C C T C C C C T A G A A G G G C A G G G G T G A T A A C C C 2 915 
B u f f a l o - 0 1 
B u f f a l o - 0 2 
C a t t l e - 0 1 
C a t t l e - 0 2 
H u m a n - 0 1 
Huxnan - O 2 
A G C C A T G G G G A A A T C C A G G C C T A G C T T C C C A C A G G C G T T T T A C T G T G A T T C 2 8 7 8 
A G C C A T G G G G A A A T C C A G G C C T A G C T T C C C A C A G G C G T T T T A C T G T G A T T C 2 8 9 3 
A G C T A C A G G G A A A T C C C G G C C C A G C T T T C C A C A G G C A T C A C A G G C A T C T T C C G C G G A T T C 2 9 7 5 
B u f f a l o - O l 
B u f f a l o - 0 2 
C a t t l e - 0 1 
C a t t l e - 0 2 
H u m a n - 0 1 
H u m a n - 0 2 
C A A C G T G O A C A G C C C A G C C T T C T G G T C A T A C C C C A G C T T C C T C T T G C C C G O G G T G G C A G G 2 9 3 8 
C A A C G T G G A C C G C C C A G C C T T C T G G T C A T A C C G C A G C T T C C T C T T G C C C G G G G T G G C A G G 2 9 53 
T A G G G T G G G C T G C C C A G C C T T C T G G T C T G A G G C G C A G C T C C C T C T G C C C A G G T 3028 
B u f f a l o - 0 1 
B u f f a l o - 0 2 
C a t t l e - 0 1 
C a t t l e - 0 2 
H u m a n - 0 1 
H u m a n - 0 2 
G G T G G G G G C A T G C C C A T C T G A C A G T C A T C C A A C A A A G G G T G C C G G G T G A C A C G G A G C C C T 2 9 9 8 
G G T G G G G G C A T G C C C A T C C G A C A G T C A T C C A A C A A A G G G T G C C G G G T G A C A C C G A G C C C T 3 013 
G C T G T G C C T A T T C A A G T G G C C T T C A G - G C A G A G C A G C A A G T G G C C C T T A G C G C C 3 0 81 
B u f f a l o - 0 1 
B u f f a l o - 0 2 
C a t t l e - 0 1 
C a t t l e - 0 2 
H u m a n - 0 1 
Huxnan -02 
C C T T T C C A T G A G C A G C C A G A G C A G C A G G G A G G G A G G G T G G G C A G T T T T C C A G G A T G G G C G 3 0 5 8 
C C T T T C C a T G A G C A G C C A G A G C G G C A G G G A G G G A G G G T G G G C A G T T T T C C A G G A C C G G C G 3 0 7 3 
C C T T C C C A T A A G C A G C T G T G G T G G C A G T G A G G G A G G T T G a G T A G C - - C C T O G A C T G G T C C 313 9 
Figure 57 
Contd/-
Buffa lo -01 
Buffa lo -02 
C a t t l e - 0 1 
C a t t l e - 0 2 
Hiunan - 01 
Hvunan-02 
CCTTTGTGGGTTACTTTTGGAAATCTGGCCGCATCT CTG- -CATCTCTAA 3106 
CCTTTGTGGATTACTTTTGGAAATCTGGCCGCATCT CTGTGCATCTCCTA 3123 







TCCCATCCCATCC - 3119 
CCCCATCCCATCC -- 3136 














H\jmeLn - 01 
WnTnan - 0 2 
CTGTCCTAATGAAAGTCCCAGAGGTTGTGTCAGGG- TGACTGGAGACCCCATCCCAACAT 3199 
CTGTCCTAATGAAAGTCCCAGAGGTTGTGTCAGGG-TGACTGGAGACCCCATCCCAACAT 3 216 
























Human- 0 2 
GCCTCCATGAAGAAAGTTGGAATCTC CCTGGGACATCTTCT 33 51 
- ACCTCCGTGAAGAAAGTTGGAATCTC CCTGGGACGTCTTCT 3 36 8 













CTCTCACA CACGTGTGGAGGCTGAGTTGTGTGGTTTTCCTTTGTGA - GGAGGGAGG 3406 
CTCTCACA CACGTGTGGAGGCTGAGTTGTGTGGTTTTCCTTTGTGA - GGAGGGAGG 3423 
CTCCCACAGGATCGTGTGTGTAGGTGGTGTTGTGTGGTTTTCCTTTGTGAAGGAGAGAGG 3619 
GAGACCGTTTGTAGCTTGTTTT^jJ{g2i5223U5gg2i5J^GCGTAAACCTTG 3474 
GAAACTATTTGTAGCTTGTTTTj4jJ2J2S24iiHffiB'^'''^^^^^'^'^TT<^ 3 6 6 9 
Figure 57. Multiple nucleotide sequence alignment for both transcript 
variants from buffalo, cattle and human. In these species, variant-02 is 
shorter and almost of the same size due to possible conserved splice site in 
the 3'UTR. Polyadenylation signals (bold face) and Poly(A) tails (bold face 
and blue) are conserved in each variant in all the species. The nucleotides 
unique to buffalo are overshadowed red. The changes specific to buffalo 
and cattle are shown in black background and the ones similar to human are 
in yellow background. 
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Figure 58. Evolutionary conservation of Smoc-1 gene across the species. Cross 
hybridization of buffalo Smoc-1 with genomic DNA from different species (A), 
Phylogenetic tree based on sequence alignment of Smoc-I gene(s) from different 
species (B) and neighbor joining tree based on BLAST result showing homology 
across the species with their accession numbers (C). Note that this gene is 




addition, the buffalo Smoc-^ also showed homology with other classes 
such as from the birds, rodents and bony fishes (Figure 58C). However, 
buffalo Smoc-1 showed point nucleotide alterations, insertions and 
deletions at several nucleotide positions in comparison to that in other 
species (Figure 57 and 59) leading to alterations in the encoding amino 
acid sequences (Figure 60). Briefly, exon 8 was found to be more diverse 
at nucleotide level whereas exon 2 comprising the follistatin domain was 
most divergent at amino acid level. Exon 6 was the most conserved across 
the species (Figure 59-60). Details of the Smoc-1 gene(s) from different 
species along with their accession numbers are given in the table 17. 
4.2.2.4 Domain Organization of Smoc-1 
In-silico studies of the buffalo Smoc-1 protein demonstrated 
presence of all the domains characteristic to the BM-40 family to which this 
gene belongs (Figure 61). Accordingly, first 26 amino acids at the N-
terminus conform well to the signal peptide consensus (Figure 60 and 62) 
ending with a signal peptidase cleavage site (Kizawa et al., 2005) and thus 
the mature Smoc-1 is comprised of 409 amino acids. Like the humans, all 
the essential features of each domain are conserved in buffalo. Since no 
transmembrane-spanning hydrophobic domain is present in the sequence, 
Smoc-1 is presumably secreted out from the cells. Further scrutiny allowed 
the distinction of five modules, an FS domain (Figure 61 A), a PK' domain 
(Figure 618), a Smoc-1 unique domain (Figure 61C), a second TY domain 
(Figure 61D) and an EC domain (Figure 61E). Residues 42-88 are 
homologous to the canonical FS domain, composed of two sub-domains 
with the second being similar to the Kazal domain. 
Structure-based alignment showed that all the six cysteines and the 
features of secondary structure are conserved in both the TY domains of 
buffalo Smoc-1. Further, two TY domains (residues 89-159 and 222-293) 
are separated by 62 amino acids unique to the Smoc-1. Detailed analysis 
unveiled a potential A/-glycosylation site at Asn-214 and five O-
glycosylation sites at Thr-155, -82, -184, -187 and -345 in buffalo Smoc-1. 
The C-terminus is homologous to the characteristic amphipathic a-helix 
and the helix-loop-helix motifs of the ECD of BM-40. However, based on 
54 
Buffalo ACCGGCCTGGCACCATGCTGCCCGCGCGCTGCGCCGGCCTGCTCACGCCCCACTTGCTGC 95 
Cattle ACCGGCCTGGCACCATGCTGCCCGCGCGCTGCGCCCGCCTGCTCACGCCCCACTTGCTGC 95 
Human CCTGGC-TGGCACCATGCTGCCCGCGCGCTGCGCCCGCCTGCTCACGCCCCACTTGCTGC 2 99 
Chimpanzee CCTGGT-CGGTACCATGAAGCCCGTGCGCAGCGCCCGCCTGCTCACGCCCCACTTGATGA 2 99 
Rat ATGCTGCCCGCGCG CGTCCGTCTGCTCACGCCCCACTTGCTGC 4 3 
Mouse CTCCGC-TGGCACCATGCTGCCCGCGCG CGTCCGTCTGCTCACGCCCCACTTGCTGC 2 78 
k****-tr***-* 
Buffalo TGGTGTTAGTGCAGCTGTCCCCGGCTCACGACCACCGCACCACCGGCCCCAGGTTTCTCA 155 
Cattle TGGTGTTAGTGCAGCTGTCCCCGGCTCACGACCACCGCACCACCGGCCCCAGGTTTCTCA 155 
Human T G G T G T T G G T G C A G C T G T C C C C T G C T C G C G G C C A C C G C A C C A C A G G C C C C A G G T T T C T A A 3 59 
Chimpanzee A G G T G T T T G A G G A G C T G T C C C C A G C T C G G G G C C A C C G C A C C A C A T G C C C C A G G T T T C T A A 3 59 
Rat T C C T G T T C S G T G C A G T T G T C C C C G G C C G G C G G C C A C C G C A C C A C C G G C C C C A G G T T T C T A A 103 
Mouse T C G T G T T G G T G C A G C T G T C C C C G G C C G G C G G C C A C C G C A C C A C C G G C C C C A G G T T C C T A A 3 38 
Buffalo T A A G T G A C C G T G A C C C T C A G T G C A A C C T C C A C T G C T C C A G G A C T C A A C C C A A A C C T G T C T 215 
Cattle T A A G T G A C C G T G A C C C T C A G T G C A A C C T C C A C T G C T C C A G G A C T C A A C C C A A A C C T G T C T 215 
Human T A A G T G A C C G T G A C C C A C A G T G C A A C C T C C A C T G C T C C A G G A C T C A A C C C A A A C C C A T C T 419 
Chimpanzee T A A G T G A C C G T G A C C C A C A G T G C A A C C T C C A C T G C T C C A G G A C T C A A C C C A A A C C C A T C T 4 19 
Rat T A A G T G A C C G T G A C C C T C C G T G C A A C C C C C A C T G C C C C A G G A C T C A A C C C A A G C C C A T C T 163 
Mouse T A A G T G A C C G T G A C C C T C C G T G C A A C C C A C A C T G T C C C A G G A C T C A G C C C A A G C C C A T C T 3 98 
^r^r^e^r^t*^e^r*^r^cit* ***** 
Buffalo G C G C C T C C G A C G G C A G G T C C T A C G A G T C C A T G T G T G A G T A C C A G C G A G C T A A G T G C C G A G 2 75 
Cattle G C G C C T C C G A C G G C A G G T C C T A T G A G T C C A T G T G T G A G T A C C A G C G A G C C A A G T G C C G A G 2 75 
Human G T G C C T C T G A T G G C A G G T C C T A C G A G T C C A T G T G T G A G T A C C A G C G A G C C A A G T G C C G A G 4 79 
Chimpanzee G T G C C T C T G A T G G C A G G T C C T A T G A G T C C A T G T G T G A G T A C C A G C G A G C C A A G T G C C G A G 4 79 
Rat G C G C G T C T G A C G G C A G G T C C T A T G A G T C C A T G T G T G A G T A C C A G A G A G C C A A G T G C C G A G 2 23 
Mouse G C G C C T C T G A C G G C A G G T C C T A C G A G T C C A T G T G T G A G T A C C A G A G A G C C A A G T G C C G A G 4 58 
Buffalo A C C C A A C C C T G G C T G T G G C G C A T C G A G G C A G A T G C A A A G A C G C T G G C C A G A G C A A G T G T C 3 35 
Cattle A C C C A A C C C T G G C T G T G G C G C A T C G A G G C A G A T G C A A A G A C G C T G G C C A G A G C A A G T G T C 3 35 
Human A C C C G A C C C T G G G C G T G G T G C A T C G A G G T A G A T G C A A A G A T G C T G G C C A G A G C A A G T G T C 539 
Chimpanzee A C C C G A C C C T G G G C G T G G T G C A T C G A G G T A G A T G C A A A G A T G C T G G C C A G A G C A A G T G T C 5 3 9 
Rat A C C C T G C C C T G G C C G T G G T C C A T C G A G G T A G A T G C A A A G A T G C T G G C C A A A G C A A G T G T C 2 83 
Mouse A C C C A G C C C T G G C C G T G G T C C A T C G A G G T C G A T G C A A A G A T G C T G G C C A G A G C A A G T G T C 518 
****** ****** ^  
t * * * * * I T * * * * * * * * 
Buffalo G C C T G G A G C G G G C T C A G G C C C T G G G G C A A G C C A A G A A G C C C C A G G A G G C G G T G T T T G T C C 3 95 
Cattle G C C T G G A G C G G G C T C A G G C C C T G G A G C A A G C C A A G A A G C C C C A G G A G G C G G T G T T T G T C C 3 95 
Human G C C T G G A G C G G G C T C A A G C C C T G G A G C A A G C C A A G A A G C C T C A G G A A G C T G T G T T T G T C C 5 99 
Chimpanzee G C C T G G A G C G G G C T C A A G C C C T G G A G C A A G C C A A G A A G C C T C A A G A A G C T G T G T T T G T C C 5 99 
Rat G C C T G G A G A G G G C T C A G G C C T T G G A A C A A G C C A A G A A G C C C C A G G A G G C T G T G T T T G T C C 343 
Mouse G C C T G G A G A G G G C T C A G G C C T T G G A A C A G G C C A A G A A G C C T C A G G A G G C T G T G T T T G T C C 5 78 
******** 
t * * * * * * * 
Buffalo C G G A G T G C A C C G A G G A T G G C T C C T T T A C C C A G G T G C A G T G C C A T A C T T A C A C C G G G T A C T 4 55 
Cattle C G G A G T G C A C C G A G G A T G G C T C C T T T A C C C A G G T G C A G T G C C A T A C T T A C A C C G G G T A C T 4 55 
Human C A G A G T G T G G C G A G G A T G G C T C C T T T A C C C A G G T G C A G T G C C A T A C T T A C A C T G G G T A C T 6 59 
Chimpanzee C A G A G T G T G G C G A G G A T G G C T C C T T T A C C C A G G T G C A G T G C C A T A C T T A C A C T G G G T A C T S 5 9 
Rat C A G A G T G T G G C G A G G A T G G T T C C T T C A C A C A G G T G C A G T G T C A T A C G T A C A C A G G G T A C T 4 03 
Mouse C A G A G T G T G G C G A G G A T G G T T C C T T C A C A C A G G T G C A G T G C C A T A C G T A C A C A G G G T A C T 638 
* ***** *^* ***** ******* 
Buffalo G C T G G T G T G T C A C C C C A G A C G G G A A G C C C A T C A G T G G C T C T T C T G T G C A G A A T A A A A C T C 515 
Cattle G C T G G T G T G T C A C C C C A G A C G G G A A G C C C A T C A G T G G C T C T T C T G T G C A G A A T A A A A C T C 515 
Human G C T G G T G T G T C A C C C C G G A T G G G A A G C C C A T C A G T G G C T C T T C T G T G C A G A A T A A A A C T C 719 
Chimpanzee G C T G G T G T G T C A C C C C G G A T G G G A A G C C C A T C A G T G G C T C T T C T G T G C A G A A T A A A A C T C 719 
Rat G C T G G T G T G T C A C C C C A G A C G G G A A G C C C A T C A G T G G C T C G T C C G T G C A G A A T A A A A C T C 4 63 
Mouse G C T G G T G T G T C A C C C C A G A T G G C A A G C C C A T C A G T G G T T C T T C C G T G C A G A A T A A A A C T C 6 98 
**************** ** ** ************** ** ** **************** 
Buffalo C T G T A T G T T C A G G T T C G G T C A C C G A T A A G C C C G C G A G C C A G G G T A A C T C A G G A A G G A A A G 5 75 
Cattle C T G T A T G T T C A G G T T C G G T C A C C G A T A A G C C T G C G A G C C A G G G T A A C T C A G G A A G G A A A G 5 75 
Human C T G T A T G T T C A G G T T C A G T C A C C G A C A A G C C C T T G A G C C A G G G T A A C T C A G G A A G G A A A G 7 79 
chimpanzee C T G T A T G T T C A G G T T C A G T C A C C G A C A A G C C C T T G A G C C A G G G T A A C T C A G G A A G G A A A G 779 
Rat C T G T A T G T T C A G G T C C A G T C A C T G A C A A G C C C T T G A G C C A G G G T A A C T C A G G A A G G A A A G 523 
Mouse C T G T A T G T T C A G G T C C A G T T A C C G A C A A G C C C T T G A G C C A G G G T A A T T C A G G A A G A A A A G 758 
************** * ** ** ** ***** ************ ******** **** 
Buffalo A T G A C G G G T C T A A G C C G A C A C C C A C G A T G G A G A C C C A G C C G G T G T T C G A T G G A G A C G A A A 635 
Cattle A T G A T G G G T C T A A G C C G A C A C C C A C G A T G G A G A C C C A G C C G G T G T T C G A T G G A G A C G A A A 635 
Human A T G A C G G G T C T A A G C C G A C A C C C A C G A T G G A G A C C C A G C C G G T G T T C G A T G G A G A T G A A A 839 
Chimpanzee A T G A C G G G T C T A A G C C G A C A C C C A C G A T G G A G A C C C A G C C G G T G T T C G A T G G A G A T G A A A 8 3 9 
Rat A T G A T G G C T C T A A A C C C A C G C C C A C G A T G G A G A C C C A G C C T G T G T T C G A T G G A G A T G A A A 5 83 
Mouse A T G A T G G C T C T A A A C C C A C G C C C A C G A T G G A G A C C C A A C C T G T G T T C G A T G G A G A T G A A A 818 
**** ** ***** ** ** ***************** ** ************** **** 
Buffalo T C A C A G C T C C C A C T C T C T G G A T T A A G C A C T T G G T A A T C A A G G A C T C C A A A C T G A A C A A C A 6 95 
Cattle T C A C A G C T C C C A C T C T C T G G A T T A A G C A C T T G G T A A T C A A G G A C T C C A A A C T G A A C A A C A 695 
Human T C A C A G C C C C A A C T C T A T G G A T T A A A C A C T T G G T G A T C A A G G A C T C C A A A C T G A A C A A C A 8 99 
Chimpanzee T C A C A G C C C C A A C T C T A T G G A T T A A A C A C T T G G T G A T C A A G G A C T C C A A A C T G A A C A A C A 8 99 
Rat T C A C A G C C C C T A C C T T A T G G A T T A A G C A C T T G G T A A T C A A A G A C T C C A A A T T G A A T A A C A 643 
Mouse T C A C A G C C C C C A C C T T A T G G A T T A A G C A C T T G G T A A T C A A A G A C T C C A A G T T G A A T A A C A 878 
I r * * * * * * * * * fr*** * * * * * * * * 
**** **** 
Buffalo C C A A C A T A A G A A A T T C A G A G A A A G T T C A C T C G T G T G A C C A G G A G A G A C A G A G C G C C C T G G 755 
Cattle C C A A C A T A A G A A A T T C A G A G A A A G T T C A C T C G T G T G A C C A G G A G A G A C A G A G C G C C C T G G 755 
Human C C A A C A T A A G A A A T T C A G A G A A A G T C T A T T C G T G T G A C C A G G A G A G G C A G A G T G C C C T G G 9 59 
Chimpanzee C C A A C A T A A G A A A T T C A G A G A A A G T C T A C T C G T G T G A C C A G G A G A G G C A G A G T G C C C T G G 959 
Rat C C A A T G T A A G A A A T T C A G A G A A A G T C C A T T C T T G T G A C C A G G A G A G A C A G A G C G C C C T G G 7 03 
Mouse C C A A C G T A A G A A A T T C A G A G A A A G T C C A T T C C T G T G A C C A G G A A A G A C A G A G T G C C C T G G 938 
* * * * * T« 
Figure 59 
Buffalo CCAACATAAGAAATTCAGAGAAAGTTCACTCGTGTGACCAGGAGAGACAGAGCGCCCTGG 755 
Cattle CCAACATAAGAAATTCAGAGAAAGTTCACTCGTGTGACCAGGAGAGACAGAGCGCCCTGG 755 
Human CCAACATAAGAAATTCAGAGAAAGTCTATTCGTGTGACCAGGAGAGGCAGAGTGCCCTGG 9 59 
Chimpanzee CCAACATAAGAAATTCAGAGAAAGTCTACTCGTGTGACCAGGAGAGGCAGAGTGCCCTGG 959 
Rat CCAATGTAAGAAATTCAGAGAAAGTCCATTCTTGTGACCAGGAGAGACAGAGCGCCCTGG 7 03 
Mouse CCAACGTAAGAAATTCAGAGAAAGTCCATTCCTGTGACCAGGAAAGACAGAGTGCCCTGG 938 
* * * 1^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
Buffalo AAGAGGCCCGGCAGAACCCCCGCGAGGGCATTGTGATCCCCGAGTGTGCTCCTGGGGGGC 815 
Cattle AAGAGGCCCGGCAGAACCCCCGCGAGGGCATTGTGATCCCTGAGTGTGCTCCTGGGGGAC 815 
Human A A G A G G C C C A G C A G A A T C C C C G T G A G G G T A T T G T C A T C C C T G A A T G T G C C C C T G G G G G A C 1019 
Chimpanzee A A G A G G C C C G G C A G A A T C C C C G T G A G G G T A T T G T C A T T C C T G A A T G T G C C C C T G G G G G A C 1019 
Rat A A G A G G C C C G G C A G A A T C C T C G A G A G G G C A T T G T G A T C C C C G A G T G T G C T C C T G G T G G G C 763 
Mouse A A G A G G C C C G G C A G A A T C C C C G A G A G G G C A T T G T G A T C C C C G A G T G T G C T C C T G G T G G G C 998 
********* ****** ** ** ***** ***** ** ** ** ***** ***** ** * 
Buffalo T C T A T A A A C C A G T G C A G T G C C A C C A G T C C A C T G G C T A C T G C T G G T G T G T G C T G G T C S G A C A 875 
Cattle T C T A T A A A C C A G T G C A G T G C C A C C A G T C C A C T G G C T A C T G C T G G T G T G T G C T G G T G G A C A 875 
Human T C T A T A A G C C A G T G C A A T G C C A C C A G T C C A C T G G C T A C T G C T G G T G T G T G C T G G T G G A C A 107 9 
Chimpanzee T C T A T A A G C C A G T G C A A T G C C A C C A G T C C A C T G G C T A C T G C T G G T G T G T G C T G G T G G A C A 1079 
Rat T C T A T A A G C C G G T G C A A T G C C A C C A A T C C A C G G G C T A C T G C T G G T G T G T C C T A G T G G A C A 823 
Mouse T C T A T A A G C C G G T G C A A T G C C A C C A A T C C A C A G G C T A C T G T T G G T G C G T C C T A G T A G A C A 1058 
******* ** ***** ******** ***** ******** ***** ** ** ** **** 
Buffalo C T G G G C G T C C G C T G C C G G G G A C C T C C A C A C G C T A T G T G A T G C C C A G T T G T G A G A G T G A T G 93 5 
Cattle C T G G G C G T C C G C T G C C G G G G A C C T C C A C A C G C T A C G T G A T G C C C A G T T G T G A G A G T G A T G 93 5 
Human C A G G G C G C C C G C T G C C T G G G A C C T C C A C A C G C T A C G T G A T G C C C A G T T G T G A G A G C G A C G 113 9 
Chimpanzee C A G G G C G C C C G C T G C C T G G G A C C T C C A C A C G C T A C G T G A T G C C C A G T T G T G A G A G C G A C G 113 9 
Rat C A G G A C G C C C A T T G C C G G G G A C T T C C A C A C G C T A T G T G A T G C C A A G T T G T G A G A G T G A C G 8 83 
Mouse C A G G G C G C C C A T T G C C G G G G A C T T C C A C A C G C T A T G T G A T G C C A A G T T G C G A G A G T G A C G 1118 
* ** ** ** **** ***** *********** ******** ***** ***** ** * 
Buffalo C C A G G G C T A A G A G T G C G G A G G T G G A G G A C C C C T T C A A G G A C A G G G A G C T G C C A G G C T G T C 995 
Cattle C C A G G G C T A A G A G T G C G G A G G T G G A G G A C C C C T T C A A G G A C A G G G A G C T G C C A G G C T G T C 995 
Human C C A G G G C C A A G A C T A C A G A G G C G G A T G A C C C C T T C A A G G A C A G G G A G C T A C C A G G C T G T C 119 9 
Chimpanzee C C A G G G C C A A G A C T A C A G A G G C G G A T G A C C C C T T C A A G G A C A G G G A G C T A C C A G G C T G T C 119 9 
Rat C C A G A G C C A A G A G T G T A G A G G T G G A T G A C C C T T T C A A G G A C A G G G A G T T A C C A G G C T G T C 943 







C A G A A G G G A A G A A A C T G G A A T T T A T C A C C A G C C T T C T G G A C G C C C T C A C C A C G G A C A T G G 10 5 5 
C A G A A G G G A A G A A A C T G G A A T T T A T C A C C A G C C T A C T G G A C G C C C T C A C C A C T G A C A T G G 105 5 
C A G A A G G G A A G A A A A T G G A G T T T A T C A C C A G C C T A C T G G A T G C T C T C A C C A C T G A C A T G G 12 5 9 
C A G A A G G G A A G A A A A T G G A G T T T A T C A C C A G C C T A C T G G A T G C T C T C A C C A C T G A C A T G G 12 5 9 
C T G A A G G G A A G A A G A T G G A A T T T A T C A C C A G C C T G C T G G A T G C C C T C A C C A C A G A C A T G G 10 0 3 
C T G A A G G G A A G A A G A T G G A A T T T A T T A C C A G C C T G C T G G A T G C C C T C A C C A C A G A C A T G G 123 8 
Buffalo T G C A G G C C A T T A A C T C A G C A G C O C C C A C T G G A G G T G G G A G G T T C T C G G A G C C A G A C C C C A 1115 
Cattle T G C A G G C C A T T A A C T C A G C A G C G C C C A C T G G A G G T G G G A G G T T C T C G G A G C C A G A C C C C A 1115 
Human T T C A G G C C A T T A A C T C A G C A G C G C C C A C T G G A G G T G G G A G G T T C T C A G A G C C A G A C C C C A 1319 
Chimpanzee T T C A G G C C A T T A A C T C A G C A G C G C C C A C T G G A G G T G G G A G G T T C T C A G A G C C A G A C C C C A 1319 
Rat T T C A G G C C A T T A A C T C A G C A G C G C C C A C T G G A G G T G G G A G G T T C T C A G A G C C A G A C C C C A 1063 
Mouse T T C A G G C C A T T A A C T C A G C A G C G C C C A C T G G A G G T G G G A G G T T C T C A G A G C C A G A C C C C A 1298 
* ******************************************** ************* 
Buffalo G C C A C A C C C T G G A G G A G C G C G T G G T G C A C T G G T A T T T C A G C C A G C T G G A C A G C A A C A G C A 1175 
Cattle G C C A C A C C C T G G A G G A G C G C G T O G T G C A C T G G T A T T T C A G C C A G C T G G A C A G C A A C A G C A 117 5 
Human G C C A C A C C C T G G A G G A G C G G G T A G T G C A C T G G T A T T T C A G C C A G C T G G A C A G C A A T A G C A 13 7 9 
chimpanzee G C C A C A C C C T G G A G G A G C G G G T A G T G C A C T G G T A T T T C A G C C A G C T G G A C A G C A A T A G C A 13 79 
Rat G C C A C A C C C T G G A G G A G C G G G T G G C A C A C T G G T A C T T C A G C C A G C T G G A T A G C A A C A G C A 1123 
Mouse G C C A C A C C C T G G A G G A G C G A O T G G C A C A C T G G T A C T T C A G C C A G C T G G A T A G C A A C A G C A 135 8 
******************* ** * ******** ************** ***** **** 
Buffalo G C A G C G A C A T C A A C A A G C G C G A G A T G A A G C C C T T C A A G C G C T A T G T G A A G A A G A A A G C C A 1235 
Cattle G C A G C G A C A T C A A C A A G C G C G A G A T G A A G C C C T T C A A G C G C T A C G T A A A G A A G A A A G C C A 1235 
Human G C A A C G A C A T T A A C A A G C G G G A G A T G A A G C C C T T C A A G C G C T A C G T G A A G A A G A A A G C C A 143 9 
Chimpanzee G C A A C G A C A T T A A C A A G C G G G A G A T G A A G C C C T T C A A G C G C T A T G T G A A G A A G A A A G C C A 143 9 
Rat G T G A T G A C A T T A A C A A G C G G G A G A T G A A A C C G T T C A A G C G C T A T G T G A A G A A G A A A G C C A 1183 
Mouse G C G A T G A C A T T A A C A A G C G G G A G A T G A A G C C G T T C A A G C G C T A T G T A A A G A A G A A A G C C A 1418 
* * * * * * * * * * * * * * * * * * * * * * * w * * * * * * * * * * * ** * * * * * * * * * * * * * 
Buffalo A G C C C A A G A A A T G T G C C C G G C G T T T C A C T G A C T A C T G T G A C C T G A A C A A G G A C A A G G T C A 1295 
Cattle A G C C C A A G A A A T G T G C C C G G C G T T T C A C T G A C T A C T G T G A C C T G A A C A A G G A C A A G G T C A 1295 
Human A G C C C A A G A A A T G T G C C C G G C G T T T C A C C G A C T A C T G T G A C C T G A A C A A A G A C A A G G T C A 1499 
Chimpanzee A G C C C A A G A A A T G T G C C C G G C G T T T C A C C G A C T A C T G T G A C C T G A A C A A A G A C A A G G T C A 14 99 
Rat A G C C C A A G A A G T G C G C C C G G C G C T T C A C C G A C T A C T G T G A C C T G A A C A A G G A T A A G G C C A 1243 
Mouse A G C C C A A G A A A T G T G C C C G G C G C T T C A C C G A C T A C T G C G A C C T G A A C A A G G A T A A G G T C A 1478 
********** ** ******** ***** ******** *********** ** **** ** 
Buffalo T C T C A C T G C C C G A G C T G A A G G G C T G C C T G G G T G T T A G C A A A G A A G T A G 1343 
Cattle T C T C A C T G C C C G A G C T G A A G G G C T G C C T G G G T G T T A G C A A A G A A G 1340 
Human T T T C A C T G C C T G A G C T G A A G G G C T G C C T G G G T G T T A G C A A A G A A G 1544 
chimpanzee T T T C A C T G C C T G A G C T G A A G G G C T G C C T G G G T G T T A G C A A A G A A G 1544 
Rat T C T C G C T G C C T G A G C T G A A G G G C T G C C T G G G T G T T A G C A A A G A A G G T G G T A G C C T T G G C A 130 3 
Mouse T C T C A C T G C C T G A G C T G A A G G G C T G C C T G G G T G T T A G C A A A G A A G G T G G T A G C C T T G G C A 153 8 
* ** ***** ********************************** 
Buffalo G A C G C C T C G T C T A A G G A G 1361 
Cattle G A C G C C T C G T C T A A 13 54 
Human GACGCCTCGTCTAAGGAG 1562 
chimpanzee - GACGCCTCGTCTAAGGAG 1562 
Rat GCTTCCCTCAGGGAAAACGAGCAGGCACAAATCCATTCATTGGACGTCTCGTCTAA 1359 
Mouse GCTTCCCTCAGGGAAAACGAGCAGGCACAAACCCGTTCATCGGACGCCTTGTCTAAAGAG 1598 
Figure 59. Multiple nucleotide sequence alignment of Smoc-^ from different 
mammals. Some alterations were specific to buffalo or cattle (red) and many were 
either similar to human/chimpanzee (Pink) or to mouse/rat (Blue). Note more than 
90% nucleotide sequence conservation across the mammalian species. 
Buffa lo 























*** ** * ********** ** * * . * * * * * . * * * * * 
Buffa lo 









































Buffa lo NPREGIVIPECAPGGLYKPVQCHQSTGYCWCVLVDTGRPLPGTSTRYVMPSCESDARAKg 3 00 
Cattle NPREGIVIPECAPGGLYKPVQCHQSTGYCWCVLVDTGRPLPGTSTRYVMPSCESDARAKB 300 
Human NPREGIVIPECAPGGLYKPVQCHQSTGYCWCVLVDTGRPLPGTSTRYVMPSCESDARAKB 300 
Chimpanzee N P R E G I V I P E C A P G G L Y K P V Q C H Q S T G Y C W C V L V D T G R P L P G T S T R Y V M P S C E S D A R A K S 3 00 
Mouse NPREGIVIPECAPGGLYKPVQCHQSTGYCWCVLVDTGRPLPGTSTRYVMPSCESDARAK| 2 99 
Rat NPREGIVIPECAPGGLYKPVQCHQSTGYCWCVLVDTGRPLPGTSTRYVMPSCESDARAKg 299 
***********************************************************. 
Buffa lo 























g Q NSSgDINKREMKPFKRYV KAKP KCA RFTDYCDLNKDKglSLPE 420 
E R V S W Y F S Q L D S N S S J D I N K R E M K P F K R Y V K K K A K P K K C A R R F T D Y C D L N K D K S I S L P E 42 0 
FSQLDSNSSJDINKREMKPFKRYVKKKAKPKKCARRFTDYCDLNKDKSISLPE 420 




























Figure 60. Multiple amino acid sequence alignment of Smoc-1 from different 
mammals. Some alterations were specific to buffalo or cattle (red 
overshadowed) and many were either similar to human/chimpanzee (black) or 
to mouse/rat (Blue). Note more than 85% sequence conservation across the 
mammalian species. 


















4 3 5 
\SDGRSYESMSEYQRAKHRDPTLAVAHRGRHK 
VS DGRS YE SMSEYQRAKHRD PTLAVAHRGRMK 
ISDGRSYESMSEYQRAKSRDPTLGWHRGRBK 
\S DGRS YE SMBE YQRAKSRD PTLGWHRGRBK 
\SDGRSYESMBEYQRAI^RDPALAVVHRGRBK 
VSDGRSYESMBEYQRAKSRDPALAWHRGRBK 
** ** .*****.**********************.* * ****** 






Human 8 9-DAGQSKBRLERAQALEQAKKPQEAVFVPES GEDGSFTQVQCHTYTG\'SWK\ 
Chimpanzee 89-DAGQSKSRLERAQALEQAKKPQEAVFVPEHGEDGSFTQVQCHTYTGYPWS^ 















160 - GSVTDKPASQGNSGRKDDGSKPTPTMETQPVFDGDEITAPTLWIKHLVIKDSKLNNTNIRNS 
160- GSVTDKPASQGNSGRKDDGSKPTPTMETQPVFDGDEITAPTLWIKHLVIKDSKLNNTNIRNS 
160- GSVTDKPLSQGNSGRKDDGSKPTPTMETQPVFDGDEITAPTLWIKHLVIKDSKLNNTNIRNS 
Chimpanzee 160- GSVTDKPLSQGNSGRKDDGSKPTPTMETQPVFDGDEITAPTLWIKHLVIKDSKLNNTNIRNS 
Mouse 159- GPVTDKPLSQGNSGRKDDGSKPTPTMETQPVFDGDEITAPTLWIKHLVIKDSKLNNTNVRNS 
Rat 159- GPVTDKPLSQGNSGRKDDGSKPTPTMETQPVFDGDEITAPTLWIKHLVIKDSKLNNTNVRNS 
* ***** **************************************************.*** 
(D) TYl-2 domain 
1 1 
Buffalo 222- EKVHSHDQERQSALEEARQNPREGIVIPEH, 
Cattle 222- EKVHSBDQERQSALEEARQNPREGIVIPEB 
Human 222- EKVYSBDQERQSALEEAQQNPREGIVIPEB 
Chin^ ianzee 222- EKVYSBDQERQSALEEARQNPREGIVIPES 
Mouse 
Rat 















* * * . * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
Figure 61 
Contd/-
(E) EC domain 
1 
Buffalo 294 - SDARAKSAEVEDPFKDRELP(^PEGKKLEFITSLLDALTTDMVQAINSAAPTGGGRFSEPDPSHTLE 
Cattle 294- SDARAKSAEVEDPFKDRELPGfflPEGKKLEFITSLLDALTTDMVQAINSAAPTGGGRFSEPDPSHTLE 
Human 2 94 - SDARAKTTEADDPFKDRELPGHPEGKKMEFITSLLDALTTDMVQAINSAAPTGGGRFSEPDPSHTLE 
Chimpanzee 294- SDARAKTTEADDPFKDRELPGHPEGKKMEFITSLLDALTTDMVQAINSAAPTGGGRFSEPDPSHTLE 
Mouse 2 93 - SDARAKSIEADDPFKDRELPCMPEGKKMEFITSLLDALTTDMVQAINSAAPTGGGRFSEPDPSHTLE 














*** ************ ************************************* ************ 
Buffalo SKEV G-RLV 435 
Cattle SKE --G-RLV 434 
Human SKE G-RLV 434 
Chimpanzee SKE GVRLV 434 
Rat SKEGGSLGSFPQGKRAGTNPFIG-RLV 452 
Mouse SKEGGSLGSFPQGKRAGTNPFIG-RLV 463 
*** * *** 
Figure 61 . Structure-based alignment of the Smoc-1 protein from different 
mammalian species. The sequences were aligned across the species for FS (A), 
TYM (B), Smoc-1 (C), TY1-2 (D) and EC (E) domains. Mutational hotspots in 
buffalo Smoc-1 are shown red boldface. Most of the observed changes in buffalo 
SA770C-1 were shared either by cattle or human. The "^ " indicates the potential N-
glycosylation site. Pairs of numbers above the sequence correspond to cysteines 
indicating the predicted disulphide bonds based on the disulphide linkage of BM-
40 and thyroglobulin. Both EF hand motifs are underlined and calcium 
coordinating residues are overshadowed grey. Conserved amino acids are 
indicated by the stars below and cysteines with a black background. 
(A) 
Feature Output summary 
SiqnalP 3.0 Most likely cleavage site between pos. 24 and 25: 
SPA-HD 
ProP 1.0 No popeptide cleavage sites predicted 
TarqetP 1.1 No high confidence targeting predition 
NetPhos 2.0 34 putative phosphorylation sites at positions 37 58 
62 65 93 159 161 168 172 179 221 226 233 291 294 
300 351 356 373 375 377 417 428 30 119 140 163 
276 358 405 63 69 287 407 
NetOGIvc3.1 5 putative 0-glycosylated sites at positions 155 182 
184 187 345 
NetNGIvc 1.0 1 putative N-glycosylated site at position 214 
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Figure 62. In-silico prediction for the presence of signal peptide, N-
glycosylation site and 0-glycosylaion sites in Smoc-1. Table showing the 
number of glycosylation and phosphorylation sites (A) and the picture showing 
the signal peptide consensus (B). 
the in-silico analyses, in contrast to the ECD of wy1-40, both EF-tiahd^ 
motifs of Smoc-1 were found canonical indicating the ca1durn!gin^lD£b^'^ 
(Figure 61E). 
Compared to other species, buffalo Smoc-1 showed some specific 
alteration like R49K in FS domain and V431 insertion in ECD. Some of 
these changes were from polar to non-polar amino acids and vice versa, 
similar to that in mouse/rat. In case of human/chimpanzee, these changes 
always maintained similar biochemical nature (Figure 61). Interesting 
enough, the predicted secondary structure(s) of buffalo Smoc-1 showed 
alterations at the N-terminus involving replacement of 8 alpha-helices by 
equal number of beta-sheets and insertion of 3 helices in FS domain 
compared to that in other mammals (Figure 63). Moreover, few alterations 
at the N-terminal residues were also observed in the predicted tertiary 
structures of the Smoc-1 in buffalo compared to that in other mammals 
(Figure 64). 
4.2.2.5 Single copy of the Smoc-1 gene located on chromosome 11 
in the buffalo 
The copy number of the Smoc-^ gene was calculated by absolute 
quantitation assay using SYBR green chemistry in Real Time PCR. A 
straight curve was drawn using 10 fold dilution series of the known number 
of plasmid molecules and buffalo genomic DNA. Ct increase of 3.3 per 
dilution and a single dissociation peak indicated maximum efficiency and 
high specificity of the primer sets. 
Extrapolation of this standard curve demonstrated the single copy 
status of the Smoc-1 per haploid genome in buffalo (Figure 65). 
Chromosomal mapping of the same was also performed using Fluorescent 
in situ hybridization (FISH) which demonstrated the Smoc-^ gene to be 
present on the distal end of the acrocentric chromosome 11 in buffalo 
(Figure 66). 
4.2.2.6 Recombinant expression of Smoc-1 
Affinity-purified recombinant Smoc-1 expressed in E. co/i BL21 
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CCCCCCgCCCCCCCCCgEEEEEEJ^gCCCCCCCCCHHHHHHHHHHHHHHHHHHHHHC 4 02 





****** ********* ***** 
jCCCCCCCCCHHHHHHHHHHHHHHHHHHHHHC 4 02 
^CCCCCCCCCHHHHHHHHHHHHHHHHHHHHHC 412 
[CCCCCCCCCHHHHHHHHHHHHHHHHHHHHHC 4 02 
iCCCCCCCCCHHHHHHHHHHHHHHHHHHHHHC 4 01 
******************************* 







Figure 63. Predicted secondary structure(s) of Smoc-1 protein from different 
species. The replacement of helix formed by 8 residues with the beta-sheets, 
insertion of helices and the minor alterations throughout the protein are shown in 
black. Changes similar to cattle or human and the ones similar to rat/mouse or 
chimpanzee are shown in red and blue backgrounds, respectively. The additional 
coils and helices in mouse and rat are due to bigger coding frame of Smoc-1 in 
these species. 
Figure 64. Predicted tertiary structures of Smoc-1 protein from different 
species; Buffalo (A), Cattle (B), Human (C), Chimpanzee (D), Mouse (E) and 
Rat (F). Please note the alteration at N-terminal of Smoc-1 in buffalo and 
human in comparison to cattle and chimpanzee. 
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Figure 65. Copy number calculation of Smoc-^ gene. Real Time PCR 
amplification plot based on ten fold dilution series of FSmoc-l recombinant 
plasmid (A). Genomic DNA from blood of male/female buffalo and semen 
samples used as template (A) to obtain a standard curve using SYBR Green 
assay (B) which detected the single copy status of this gene. The value of 
R2, slope and intercept are given in the standard curve. 
(A) a 
a 









Figure 66. Chromosomal mapping of Smoc-1 gene at chromosome 11 in 
buffalo. Fluorescence in situ hybridization demonstrating the presence of Smoc-I 
gene on the distal arm of the acrocentric chromosome 11 (A, panels a-c) and 
detailed mapping of this gene with respect to its position on the G-banded 
ideogram following the chromosome nomenclature standardized by ISCNDB, 
2000 (B). 
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reduced conditions (Figure 67). Tlie deduced molecular mass of the 
mature Smoc-1 is 45.4 kDa and the remaining -25 kDa represented GST 
tag. The Anti-PSmoc1-pAb recognized native protein of ~ 70 kDa in the 
western-blot analysis. Anti-SySmoc-1-pAb generated against commercially 
synthesized 26 amino acids (69S to 95G) also showed the similar results 
(Figure 68), substantiating the high specificity of these antibodies. The pre-
immune serum did not detect any protein in the Western blot analysis (not 
shown). , 
4.2.2.7 Highest expression of Smoc-1 transcript variants in liver 
Northern blot analyses showed abundant Smoc-1 transcripts in liver 
and faint signals in the testis and ovary. After prolonged exposure, the 
spleen, lung, kidney and heart also showed negligible to faint signals 
(Figure 56). Similarly, RT-PCR followed by Southern hybridizations 
detected reduced signals in spleen (Figure 69A-B) and negligible ones in 
lung, kidney and heart after prolonged exposure (not shown). Using 
quantitative expressional analysis, 3-actin as an internal control and lung 
cDNA as calibrator, the highest level of expression of transcript variant-01 
(165-364 folds) and -02 (360-697 folds) was observed in liver (Figure 69C-
D). This was substantiated further by expression data from the five 
additional animals. In the same assay, sperm cDNA showed similar 
transcription level of Smoc-I as that of testis. However, relatively higher 
amount (1.2-3.5 folds) of variant-02 was observed in all the tissues 
examined as compared to that of variant-01 (Figure 69E). Based on these 
observations, the variant-02 may be addressed as "major transcript" and -
01 as "minor" one. 
Since all the mRNA transcripts may not translate into protein, the 
relative quantitation mentioned above was substantiated by the Western 
blot analysis using total tissue proteins and anti-SySmocl-pAb which 
detected the -45 kDa bands (mature protein). Total protein was isolated 
from different tissues and checked on 10% SDS PAGE for their quality 
(Figure 70). Thereafter, equal amount of protein for each tissue was taken 
for the western blot analyses. Interestingly, the strongest signal was 
detected in liver and faint ones in testis, ovary and spleen (Figure 69F) 
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Figure 67. SDS-PAGE showing the un-induced and induced Smoc-1 
protein (A). Please note the difference in the IPTG induced bands of 70 
KDa representing the for recombinant pGEX-4T1-PSmoc1 containing 
Smoc-1 gene and the GST protein of 25 KDa. This induction was checked 
multiple times and at multiple temperatures for e.g. 25-37 deg C (B). The 
recombinant protein was then sonicated and the crude protein, 
supernatant and pellet was loaded at the gel to check the protein folding 
(C). M denotes the marker, Ul for uninduced, I for induced, WC for total 
crude protein, S for supernatant and P for pellet. Equal amount of protein 
was detected in both soup and pellet. 





Figure 68. Western blot using anti-Smoc-1 antibodies. Anti-
PSmod-pAb specifically generated against GST-Smod 
recombinant protein showed -70 kDa protein in western blotting 
(A). The same results were observed using Anti-SySmoc-1-pAb 
generated against the synthesized amino acids specific to Smoc-1 
unique domain (B). TCL denotes total cell lysate; SS, sonicated 
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Figure 69. Highest expression of Smoc-^ in liver. RT-PCR showed exclusive 
band only in liver but Southern hybridization detected reduced signals in testis, 
ovary and spleen (A) whereas control ^ -^actin showed almost equal intensity signal 
in each tissue (B). Quantitative expression of Smoc-^ by Real Time PCR confirmed 
maximum expression (163-364 folds) in liver in five different animals compared to 
that in lung (C-E). Note the buffalo spermatozoa from four different animals (BS1-4) 
also showed 4-7 folds transcripts in different animals, similar to that in testis. 
Relative quantitation also demonstrated higher expression (1.2-3.5 times) of 
variant-02 compared to that of -01 in each of the tissues examined (F). Western 
blotting with anti-SySmocl-pAb (G) and anti-/?-actin-mAb as positive control (H) 
confirmed the highest expression of Smoc-1 protein in liver. 
M Testis Ovary Spleen Liver Lung Kidney Heart 
Figure 70. SDS-PAGE showing total protein isolated from 
different tissues of buffalo. 
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whereas lung, kidney and heart were found to be devoid of Smoc-1 protein 
corroborating the RT-PCR and relative expressional analysis data. As a 
control, antl-(3-actin-mAb showed almost equal signal intensity in each of 
the tissues studied (Figure 69G). 
4.2.2.8 Age specific expression profile of the Smoc-1 in water 
buffaio 
We report for the first time, the expression profile of Smoc-1 in 
water buffaloes of varying ages starting from 20 days to 15 years. Lowest 
expression of Smoc-^ was detected in the blood lymphocytes of animals 
aged 20 days with gradual increase in the expression (1.5-2 times) from 1 
month-10 months. However, a sharp enhancement in the expression (25-
30 times) was detected at the age of 1-1.25 years and this remained 
consistent up to the age of 15 years and beyond (Figure 71 A). The 
dramatic increase in expression of Smoc-I at around 1 year of age was 
further confirmed by western blotting using anti-SySmocl-pAb and total 
protein isolated from blood samples of the same animals (not shown). 
The comparative expression analysis of the two transcript variants 
revealed a gradual increase of the variant-02 compared to that of variant-
01 with the progression of age (Figure 71B). The expression of variant-01 
was higher in animal aged up to ~6 months, after which the variant-02 
expression starts increasing gradually during the ages of 6 to 15 months 
and remained consistent thereafter. 
4.2.2.9 Association of Smoc-1 with the basement membrane 
The immunohistochemical studies were performed in order to 
localize the Smoc-1 onto different tissues. Smoc-1 was found to be 
present abundantly in the basement membrane zone of discontinuous 
endothelial cell layer or the tunica media around the central veins in liver 
(Figure 72A-D). In addition, Smoc-1 was also found to be ubiquitously 
distributed in the connective tissues surrounding each lobule and 
extracellular matrices. In testis, Smoc-1 was abundant in the basement 
membrane zone surrounding coiled seminiferous tubules below the 
columnar epididymis and scarcely in the interstitial tissues (Figure 73A-D). 
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Figure 71 . The quantitative expression carried out using cDNA 
samples isolated from blood lymphocytes of different age group of 
animals has been shown in (G). Note the markedly increased 
expression of Smoc-1 in animals 10 months and beyond. Relative 
quantitation showing higher expression of variant-01 in the animal up 
to ~6 months of age and that of variant-02 in the animals of age 6 
months and beyond (H). 
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Figure 72 
Figure 72. Indirect Immunohistochemistry of buffalo tissue 
sections using Anti-SySmoc-1-pAb. Distribution of Smoc-1 in 
basement membrane zone of endothelial cell layer and 
extracellular matrices of liver (A-D). Note the localization of Smoc-1 
protein in the basement membrane zones indicated by red arrows. 
The bars represent 5 pm in panels A-D. Hp denotes hepatocytes; 
Si, sinusoids; CV, central vein and Em, discontinuous endothelial 







Figure 73. Indirect Immunohistochemistry of buffalo tissue sections 
using Anti-SySmoc-1-pAb. Distribution of Smoc-1 in basement 
membrane zone of endothelial cell layer and extracellular matrices of 
liver (A-D). Note the localization of Smoc-1 protein in the basement 
membrane zones indicated by red arrows. The bars represent 5 pm in 
panels A-D. Hp denotes hepatocytes; Si, sinusoids; CV, central vein 
and Em, discontinuous endothelial cell of central vein in 'A', and ST, 
seminiferous tubules; BM, basement membrane zone; Sg, 
Spermatogonia and IT, interstitial tissues . 
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Smoc-1 was localized in the zona pellucida of ovary in buffalo (not shown) 
similar to that in mice. In other tissues also, it remained localized within the 
basement membrane zones. In conclusion, the Smoc-1 was construed to 





Simple sequence repeats (SSRs) are abundant in the non-coding 
regions (Totin e( a/., 2000; Katti et al., 2001) and have been implicated with 
the gene regulation, chromosomal fragile sites and genome imprinting 
(Katti et al., 2001) but the biological significance of their association with 
the coding genomes remains largely unresolved. However, few reports 
had suggested the vital roles of these repeats, residing/hidden in the 
mRNA transcripts, in gene regulation (Cummings and Zoghbi, 2000; Li ef 
al., 2004), but the unresolved distribution and organizational/expressional 
variations of tagged transcript diversity remains limitations of these 
studies. In the present study, we established the association of the GACA, 
GATA and 33.15 repeats with the somatic as well as spermatozoal 
transcriptomes of water buffalo, Bubalus bubalis. In addition, the observed 
sequence polymorphisms and differential gene expression suggested the 
diverse functions of these repeat-tagged transcripts in different cell types, 
ages, stages and tissues. Moreover, highest expression of the 
GACA/GATA tagged transcripts in testis and/or spermatozoa indicates 
their crucial roles in male gametogenesis. Below we also discuss the 
distinct recruitment of GACA/GATA repeats along with the distribution of 
33.15 repeat loci in different species. 
The potential biological significance of the candidate genes Smoc-I 
and c-kit, which were targeted for their detailed characterization to gain an 
insight into its structural and functional organization, and expressional 
status in water buffalo, Bubalus bubalis is also discussed. Both of the 
genes showed tissue-, age- and species-specific organization and 
expression. 
5.1 Repeat tagged transcript diversity 
5.1.1 Global distribution of the 33.15, GACA and GATA repeats 
Satellite sequences, initially thought to be of no biological 
consequences have been found to be transcribing in a number of species 
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(Kizawa et ai, 2005). Our study showed the distribution of the 33.15 
sequences in the flanl<ing regions and within the mRNA transcripts of 
many structural, functional and regulatory genes in buffalo (Table 10). In 
addition, a detailed database search (www.ncbi.nlm.nih.qov/blast) 
demonstrated that six other species were found to have a minimum of 14 
to 16 nucleotides of 33.15 repeat loci in their mRNA transcripts (Table 9). 
Of these, cattle showed 2, human 13, rat 4, mouse 8, dog 6 and pig 1. It is 
likely that many more mRNA transcripts, though still not part of the 
GenBank, may harbor these sequences. 
Extensive in silico analysis demonstrating total absence of 
GAGA/GATA repeats in prokaryotes and their presence in different 
eukaryotes studied suggested their accruement in the non-coding and 
coding genomes of eukaryotes (Table 6-8). Further detailed analysis of S. 
cerevisiae, C. elegans, Arabidopsis thaliana and Drosophila melanogaster 
revealed that their genomes harbored only few or no GACA/GATA repeat 
which substantiated the gradual accumulation of these repeats in higher 
eukaryotes with the course of evolution. Exploration of the GACA/GATA 
tagged transcriptomes from lower to higher eukaryotes showed absence of 
GAGA repeats in Arabidopsis ttialiana, Dictyostelium discoideum, 
Drosophila melanogaster and C. elegans, and GATA in Sus scrofa, C. 
elegans and D. discoideum. Moreover, their presence in respective non-
coding genomes suggested their species-specific distribution and distinct 
functions to maintain genetic integrity. However, GACA/GATA was found 
to be present in transcriptomes of most of the higher eukaryotes (Table 7-
8). These repeats seem to have been acquired in the transcriptomes with 
the increase in the genetic complexities in higher eukaryotes. Most of 
these transcripts tagged with the GACA and GATA repeats had been 
characterized as the functional ones. Further, the chromosome-wise 
distributional studies for these repeats (Figure 4) highlighted their 
concentration on the sex chromosomes of different species. Thus, the sex-
chromosomal occurrence and diversity of tagged transcripts suggested the 




5.1.2 Biological significance of the repeats within the somatic and 
spermatozoal transcriptomes 
Tandem repeats residing within the coding regions are mostly 
involved in transcription/translation, can also mediate phase variation, and 
alter the functions and antigenecity of the proteins encoded (Vergnaud and 
Denoeud, 2000; Jordan et al., 2003). In this study, a total of 63 different 
mRNA transcripts (34, GACA-tagged; 10, GATA-tagged; and 19, 33.15-
tagged) representing few known and most of the novel ones were 
identified (Figures 7-9; Table 10-12). Thus, present study can be used as 
a basis for using other repeats in order to demonstrate the combined 
significance of such repeats within and adjacent to the coding regions. The 
above discussed species-specific distribution of these repeats became 
more interesting when these repeats picked up various mRNA transcripts 
in the buffalo spermatozoa as well. Spermatozoa have come a long way 
from being regarded as an artifact to its repository of a variety of RNAs 
including siRNAs. The initial controversy which shrouded their existence 
has now been cleared by the identification of several transcripts in the 
spermatozoa of different species including human (Miller et al., 2005; 
Krawetzefa/., 2005). 
Although, many signaling molecules and transcription factors have 
been reported to pass by the spermatozoan into the zygotic cytoplasm on 
fertilization (Krawetz et al., 2005; Miller e^  al., 2005; Ostermeier et al., 
2005), yet -3000-5000 transcripts remains to be characterized in the 
spermatozoa. The existence of the SSRs tagged transcripts in the buffalo 
spermatozoa is the first finding which suggests the involvements of the 
33.15, GAGA and GATA repeats and their tagged mRNA transcripts 
during the pre- and post-fertilization events. It became more significant, 
when all these mRNA transcripts, uncovered by the 33.15, GAGA and 
GATA repeats, showed faithful evolutionary conservation across thirteen 
different species (Figure 27-29), suggesting broader significance of these 
repeats in these species and may be in all the eukaryotic species. 
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5.1.3 Implications of the organizational variations in repeat tagged 
transcripts 
Of the 7 transcripts uncovered witli the consensus of 33.15 repeat 
loci, the 846 bp one showed random nucleotide changes in the somatic 
tissues that did not alter the amino acids. However, gonads (ovary and 
testis) showed changes at six identical places resulting in conspicuous 
alterations and deletions of the amino acids in the C-terminal region 
(Figure 16). Biological significance of such alterations and deletions are 
not clear nor is the underlying mechanism. Perhaps, this could be a case 
of programmed sequence modulation which is restored back some times 
after fertilization since this was detected in other animals as well. The 846 
bp fragment showed homology with Adenylate Kinase Like gene which is 
known to play an important role in reproduction (Luconi et al., 2001). How 
the so-called programmed sequence modulation is involved with the 
event(s) of reproduction is not clear nor do we know the stage(s) at which 
such changes take place. Nucleotide changes in 602 bp fragment at two 
places in heart seem to reflect real mutations and not polymorphism since 
the same was found in other animals also (Figure 17). 
The buffalo transcriptome was found to be enriched with GACA 
repeat while other species including human were GATA rich. The outcome 
can be explained by fact that 34 mRNA transcripts were isolated with the 
GACA repeat and 10 by GATA repeat (Figure 8-9; Table 11-12). Although 
the primates and cetartiodactyls' genomes are relatively GC poor (Duret et 
al., 2002), the GC richness of buffalo genome and transcriptome seem to 
be unique for its organization and thus for replication timings, genetic 
recombination, methylation and gene expression. The differential transcript 
profiles uncovered here by the GACA/GATA repeats may be explained 
either towards their various functions in somatic tissues, gonads 
(testis/ovary), and spermatozoa, or differential functions at various stages 
of development. Absence of GATA-tagged transcripts in lung and heart is 
anticipated to be transcriptional quiescence of the representative genes 
(Figure 9). Several other tissue-specific transcripts uncovered by 
GACA/GATA entail their exclusive requirement in those respective tissues. 
Moreover, there are two possible explanations for the detection of 20 of 34 
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GACA-tagged and 6 of 10 GATA-tagged transcripts in testis/spermatozoa. 
First, the transcripts could not be picl<ed up in other tissues due to either 
polymorphic nature of the STRs or lower number of transcripts, and 
alternatively, they are dormant in other tissues barring testis and 
spermatozoa. The homology search establishing the novel status of -40% 
GACA-tagged and ail the GATA-tagged transcripts (Table 11-12) further 
corroborated the species-specific distribution of these repeats and are thus 
picked up the unidentified or uncharacterized genes in buffalo. However, 
involvement of these repeat tagged genes either in signal transduction or 
cell-cell interaction pathways indicated their crucial roles in various cellular 
functions essential for the life cycle of a cell. 
DNA sequence variation can contribute to phenotypic variation by 
affecting the steady-level of mRNA molecules of a particular gene in a 
given cell or tissue (Kliebenstein et al., 2006). The tissue- and 
spermatozoa-specific sequence organizations in -30% of the 
GACA/GATA-tagged transcripts (Figures 19-26) substantiated this 
hypothesis. Few tissue-originated transcripts such as the GACA-tagged 
1.8 Kb and 1.3 kb, and GATA-tagged 800 bp transcripts harbored major 
nucleotide variations suggesting their distinct organization and significance 
in the spermatozoa, lung and spleen, respectively. As suggested by the 
Real Time PCR values, the sequence insertion in the 1.8 kb transcript 
seems to cease or reduce its expression in the lung, whereas the 
expression level of the 1.3 kb transcript was enhanced by nucleotide 
insertion in the spermatozoa (Table 14). However, the expression level of 
800 bp transcript was not affected by the sequence alterations in spleen. 
Some transcripts showed nucleotide changes exclusively in the 
spermatozoa, few in testis, whereas in several others, variations were 
shared only between testis and spermatozoa for instance, the ANKD26 
(Figure 23). These findings may be explicated by the silenced state of the 
representative genes in the somatic tissues which are active in testis and 
spermatozoa or vice versa. Several other nucleotide variations to a 




5.1.4 Prospects of repeat tagged transcripts carrying highest 
expression in the testis and spermatozoa 
Sequence polymorphisms have been shown to regulate the 
differences in gene expressions, and inter- or intra-specific phenotypic 
variations in various organisms (Carrol, 2000; Duret et al., 2002). 
Therefore, the quantitative expressional studies carried out for the 
uncovered repeat tagged transcripts explored the positive significant 
expressional variation in all the somatic/gonadal tissues and spermatozoa. 
Of the seven 33.15 tagged transcripts, four (AKL, LRRN6A, Spergen-3 
and TCRGL) showed highest expression in testis (Figure 33). The 
expression profiles so observed suggested the potential implications of 
these transcripts in various testicular functions. This is an important 
observation because following this approach, genes expressing 
preferentially in gonad(s) may be easily accessed. S/noc-l and TCRL 
genes showed highest expression in liver and spleen respectively (Figure 
33). Smoc-^ is calcium binding unique matricellular glycoprotein 
expressed by different cell types and associated with development, 
remodeling, cell turn-over and tissues repair mechanism (Brekken and 
Sage, 2000; Vannahme etal., 2002). The 576 bp transcript showing partial 
homology to TCRL-a gene seems to have immunological significance as 
demonstrated by its highest expression in spleen. The LRRN6A gene 
encoding for a transmembrane leucine-rich repeat protein involved in 
axonal guidance, migration, nervous system development and 
regeneration processes of neuronal cells (Carim-Todd et al., 2003) also 
showed maximum expression in the testis. 
The uniform expression of the about 30% GACA-tagged transcripts 
(Figure 34) suggested their consistent requirements in all the tissues and 
spermatozoa, whereas -10% with highest expression in the liver or spleen 
indicated their putative involvement in the hepatocellular and 
immunological activities, respectively. Interestingly, the highest expression 
of a total of 29 transcripts comprising 19 GACA- and all the 10 GATA-
tagged transcripts in testis and/or spermatozoa (Figure 34-35) 
corroborated their deep involutions in the spermatogenesis and fertilization 
events. The negligible or lower expression of these gene fragments in 
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Other tissues including ovary, further substantiated their potentials in the 
male gonad development. 
Of all the spermatozoa specific transcripts, highest expression was 
identified for ankyrin repeat domain-26 which mediates the cell-cell 
interaction and histone modification pathways (Mosavi e^  a/., 2004; Wang 
et al., 2005). The WASF2 gene which is involved in changes in cell shape, 
motility or function (Takenawa and Suetsugu, 2007), also showed highest 
expression in spermatozoa proposing its involution in both spermiogenesis 
and fertilization events. In addition, few other transcripts such as Ubap1 
also showed testis specific expression. Though ubiquitin associated 
domain is thought to be involved in ubiquitinization pathways (Qian et al., 
2001), the testis specific expression of Ubap1 observed here suggested its 
pivotal role in various testicular functions. Few studies have hypothesized 
the participation of GACA/GATA repeats in reproduction and 
heterogametic germ cell development (Gangadharan et al., 2001; Singh et 
al., 1994). Present study demonstrating the testis- and spermatozoa-
specific expression of majority of the GACA/GATA tagged transcripts 
further substantiates this hypothesis. 
5.1.5 MASA and comparative genomics 
Our detailed study indicates that the GACA, GATA and 33.15 repeat 
sequences are present within several mRNA transcripts involved in 
several pathways such as signal transduction, transcription, translation, 
immunological activities, and sex-differentiation, besides the non-coding 
regions. MASA mediated approach seems to be highly effective for 
isolating a large number of mRNA transcripts which harbor the consensus 
of these repeats. However, a number of repeats can be used for MASA to 
establish their combined conclusive significance within and adjacent to the 
coding regions. The functional studies of the transcripts so uncovered will 
resolve the enigma of such simple sequence repeats in the mammalian 
genome. Thus, in the context of comparative genomics, mRNA transcripts 
commonly expressing in a large number of species may be segregated. 
Following this approach, genes with highest levels of expression in a given 
tissue may be easily identified and information so obtained from different 
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breeds of buffalo may be collated to characterize its unknown genome 
which will help finally to establish the genetic basis of eliteness or other 
physical and physiological attributes of this animal. 
5.2 Differential organization and expression of Smoc•^ 
and C-kit in buffalo 
5.2.1 C-kit and its tissue specific nature 
5.2.1.1 C-kit: structure and domain organization 
The pleiotropic proto-oncogene c-kit receptor belongs to 
transmembrane receptor tyrosine kinases (RTK) family type-3 (Chabot et 
al., 1998; Andre et a/., 1992) similar to the receptors for platelet derived 
growth factor (PDGF) and macrophage-colony-stimulating factor (M-CSF) 
(Qiu et al., 1988). The buffalo c-kit glycoprotein also includes an 
immunoglobulin like extracellular, a single transmembrane and an 
intracellular tyrosine-kinase domain similar to that in human (Galli e^  al., 
1992; Gokkel et al., 1994). C-kit gene has been reported to be single copy 
in all the species studied thus far. In order to ensure that multiple forms of 
mRNA transcripts detected in buffalo are not originating from the 
pseudogenes and that this is indeed a single copy, we used Real Time 
PCR to assess its copy number status. Single copy status of c-kit gene in 
buffalo correlates with that in other mammals. 
It is well studied that the exons and exon-intron boundary regions of 
this gene are conserved but extracellular domain and intronic sequences 
show variations across the species (Reith e^  al., 1991; Crosier et al., 
1993). Similarly, several unique features were observed in the buffalo c-kit 
receptor compared to that in other mammals (Figure 42-43, 47). Moreover, 
full length c-kit peptide was detected in testis whereas other tissues 
showed its truncated version, possibly due to nucleotide changes at 
several places (Figure 44-45). The truncated c-kit protein devoid of ECD 
and TMD did not contain ATP binding site and is responsible for 
generating the soluble form. This makes a complex with the ligand in the 
extracellular matrix which does not allow signaling across the nucleus 
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(Besmer et al., 1986; Besmer, 1995). The truncated c-kit protein is l<nown 
to play crucial roles in post-meiotic haploid cells during spermiogenesis. 
The coexistence of full length and truncated tyrosine kinases in buffalo 
testis is a remarkable characteristic feature corroborating with the earlier 
results (Kierszenbaum, 2006). However, the truncated peptide lacking 
Intracellular and transmembrane domains detected in other tissues was 
never reported earlier. Presence of truncated peptide in the ovary and all 
the other tissues except testis was indeed startling. Tissue specific 
nucleotide changes in the mRNA transcripts perhaps reflected their 
programmed sequence modulation, a possible mechanism of 
transcriptional inactivation. 
5.2.1.2 Tissue specific alternate splicing and c-kit 
Despite organizational variations within the extracellular domain, 
the c-kit gene undergoes tissue and stage specific alternative splicing 
(Serve et al., 1995) and almost all the species studied thus far have been 
reported to show alternate splicing resulting in its variant forms (Thommes 
et al., 1999). These variant forms of mRNA transcripts are different from 
the mutant ones. However, negligible information is available on the 
mutant mRNA transcripts related to a specific function in any species 
barring rats (Kierszenbaum et al., 2006; Prasanth et al., 2004). Presence 
of a 618 bp mRNA transcripts in heart, ovary and testis highlights its 
pressing requirement in these tissues (Figure 46). The same transcript 
representing part of the tyrosine kinase domain was detected in post-
meiotic haploid cells in human and mice testis, and human mature 
spermatozoa (Paronetto et al., 2004) indicating a conserved role of this 
protein in gamete function. The mRNA transcripts detected in liver, lung, 
ovary and other somatic tissues of buffalo are envisaged to be implicated 
in tissue specific signal transduction. 
5.2.1.3 C-kit witti testis specific expression 
Very few reports are available on the mRNA transcripts in 
spermatozoa (Ostermeier et al., 2005). The highest level of c-kit mRNA 
transcripts in buffalo testis evoked our interest to assess the same in the 
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semen samples. Discernible expression of c-kit in testis and its detection 
in the spermatozoa (Figure 51) indicated signaling supremacy of this gene 
in control and regulation of testicular functions leading to normal 
spermatogenesis. Based on our data, we hypothesize that mutation(s) in 
testis specific mRNA transcript reported herein may hamper the process of 
spermiogenesis. This may prove to be a highly reliable marker system for 
segregating fertile animals from the infertile ones (Prasanth et al., 2004). 
A comprehensive study of this gene undertaken in other animals and 
systematic characterization of individual mRNA transcript would go a long 
way to uncover the significance of each transcript and its mutant status. 
This would also resolve if indeed there is a testis specific mRNA transcript 
involved in regulation of spermatogenesis. 
5.2.2 Smoc-^ and its transcript variants 
5.2.2.1 Smoc-1 and SPARC family: Comparative organization 
Present study demonstrates the association of the consensus 
sequence of minisatellite 33.15 with the coding sequence of the Smoc-1 
which is the member of Basement membrane-40 (BM-40) family. 
However, the existing significance of this association remained unclear. 
BM-40 also known as SPARC (Secreted protein acidic and rich in 
cysteine) is an anti-adhesive secreted matricellular glycoprotein family 
(Termine e^  a/., 1981; Lane and Sage, 1994) associated with tissue 
remodeling during normal developmental processes such as angiogenesis 
and bone mineralization (Brekken and Sage, 2001). This family also 
includes SC1/Hevin (Guermah et al.. 1991; Girard and Springer, 1995), 
Testican (Alliel et al. 1993), tsc36/Flik/FRP (Shibanuma et al. 1993) and 
SMOC-2 (Rocnik et al. 2006). Till date, Smoc-^ has been characterized 
only in a few mammals showing variations in domain organization. SPARC 
family proteins are basically characterized by the presence of a follistatin-
like (FS) and a C-terminal extracellular (EC) calcium binding domains with 
two EF-hand binding motifs (Hohenester e^  al., 1996; Maurer et al., 1995) 
whereas in Smoc-1, the FS and EC domains are separated by the two TY 
domains which are themselves split by the novel Smoc-^ domain (Figure 
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52 and 61), thus maintaining its organizational uniqueness amongst 
SPARC family. 
5.2.2.2 Potential implications of multi-domain proteins like Smoc-1 
Predicting the significance of orthologues separated millions of 
years ago has always been a difficult proposition, especially in the context 
of multi-domain proteins with frequent insertions or deletions. Thus, 
biological functions for FS, Ti and EC domains in S/770C-1 are still 
speculative. The FS domain is not only the characteristic of BM-40 family, 
but also found in other follistatin related genes like C6, C7, agrin, and the 
transmembrane receptors TMEFF1 and TMEFF2 (Eib and Martens, 1996; 
Horie et a/., 2000). Similarly, presence of TY domain in other proteins 
(Nakada et al., 2001) makes it difficult to ascertain its function in the 
Smoc-1. The TY contains six cysteine residues including a characteristic 
CWCV tertrapeptide (Molina e^  al., 1996) which is also conserved in 
buffalo Smoc-1. The high content of aromatic amino acids in the unique 
Smoc-1 domain suggests the formation of a folded domain with a 
hydrophobic core. Presence of two EF hand motifs in ECD of buffalo 
Smoc-1 is predicted for its calcium binding affinity as it has been confirmed 
experimentally using circular dichroism in human SMOC-1 (Gersdorff et 
al., 2006). Presence of acidic residues at positions 1,3,5,9 and 12, and the 
helix signatures encompassing the calcium binding loops are also 
conserved for both EF hand domains in buffalo Smoc-1 (Figure 61). 
5.2.2.3 Smoc-1 and its transcript variants in different species 
Owing to about 90% sequence homology with cattle, human and 
other species, buffalo Smoc-1 showed similar arrangement of various 
domains. Analysis of the gene structure in buffalo, human and mouse 
reveals intactness of each domain border (Fitzgerald and Shenk, 1981) 
maintaining its reading frame even when some exon/intron is inserted or 
deleted (Figure 60-61). However, a number of specific alterations at 
nucleotide and atano acid levels were found to be unique to buffalo 
establishing their species specific organization. Two types of transcripts 
have been reporteid independently in GenBank for human and cattle 
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S/770C-1 (Figure 57) but their detailed characterization were not reported. 
In this study, we confirmed presence of two variants of this gene varying in 
their 3'UTR lengths. 
This may either be due to the presence of an alternative splice site 
within the possible inserted intron (12*^ ) in the 3' region or an alternate 
splice site in the existing intron ( i f " ) within the 3'UTR itself. However, first 
possibility seems to be invalid since end point PCR conducted with buffalo 
genomic DNA using primers from exon 11 and 12 gave rise to a single 
band of the similar size as that with cDNA. Further, analysis has shown 
that both the variants have polyadenylation signals 30 and 16 nucleotides 
upstream to the poly(A) tail for variants -01 & -02 respectively. This is in 
agreement with the fact that the signals are most often present at 11-30 
nucleotides upstream from the poly(A) tail (Sachs, 1993). However, 
presence of more copies of mRNA instability motifs in variant-01, 
compared to that in variant -02 supports relatively higher expression of the 
latter since these motifs are responsible for the degradation of mRNA 
molecule (Tatrai et al., 2006). 
5.2.2.4 The single copy Smoc-1 with highest expression in liver 
Buffalo S/770C-1 is a single copy number gene, and thus, the 
presence of two variants of this gene may signify either for a backup of the 
transcripts if one is degraded/mutated or for the enhanced protein 
expression. In earlier studies, Smoc-1 mRNA was reported to be 
ubiquitously present in all the tissues of mice, showing abundance in ovary 
but negligible expression in liver and other tissues (Vannahme et al., 
2003). Contrary to this, buffalo liver was enriched with Smoc-^ transcripts 
as well as protein whereas other tissues contained fewer or no transcript/ 
protein substantiating species and tissue specificity of this gene (Figure 
69). Liver is primarily involved in vascular functions, metabolic regulation 
and secretory and excretory functions. Role of the other basement 
membrane proteins like agrin, collagen IV, laminin and fibronectin in liver 
cirrhosis and hepatocellular carcinoma has been studied (Wrobel et al., 
1979) but no report is available on the functional attributes of Smoc-I in 
liver. Due to its possible involvement in cell proliferation, adhesion and 
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tissue remodeling, Smoc-^ may also play a pivotal role in hepatocellular 
activities. Buffalo may not be prone to hepatocellular carcinoma. Since, 
Smoc-1 is conserved across the species, it may be appropriate to study 
the expression of this gene in human hepatocellular carcinoma to 
ascertain its possible up- or down regulation. 
5.2.2.5 Smoc-1 and age specific expression: an anticipated view 
Previous studies have shown that Smoc-I mRNA is synthesized 
even during the early stages of mouse embryonic development. During the 
embryonic stage day 12, and fetal stage days 14, 16, and 18, the protein is 
present in the basement membrane zones of various tissues like brain, 
skin, skeletal muscle, liver, kidney etc (Gersdorff et al., 2006). But, so far 
no report is available on the sustenance of expression of Smoc-I during 
life-span of any of the species. Our work seems to be the first report 
showing a remarkable rise in the Smoc-1 expression during 10-14 months 
of age in buffaloes, followed by constant level maintained throughout their 
entire life span (Figure 71). As the Smoc-^ is supposed to be involved in 
cell-matrix interaction and bone mineralization, its fulminant expression at 
10 month of age and beyond signifies its requirement for growth, 
development and possible sustenance of the animal. 
5.2.2.6 Smoc-1: tissue localization and future aspects 
Smoc-1 has been localized in zona pellucida and extracellular 
matrix of mouse ovary. This was suggested to be crucial not only for 
survival of the oocyte but also for successful fertilization (Gersdorff et al., 
2006). In this study, the Smoc-1 has been localized to the extracellular 
matrix and in the epithelial basement membrane zone of buffalo liver 
(Figure 72). In addition, staining around the seminiferous tubules and 
Sertoli cells of testis substantiated the true basement membrane 
localization of Smoc-1 protein (Figure 73) because the basal lamina of the 
seminiferous tubules in bovines is multilayered and possesses knob like 
protrusions (Wrobel etal., 1979). 
The liver contains a unique extracellular matrix (ECM) within the 
space of Disse, which consists of basement membrane constituents as 
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well as fibrillar ECM molecules. Though the basement membranes are 
mainly formed by a collagen IV, Laminin-1, and nidogen-1 network 
(Timple, 1996), the liver derived basement membrane also contains a 
unique isoform composition of type IV collagen, known to bind with the 
Smoc-1 protein (Zeisberg et al., 2006). Thus, Smoc-1 in ECM of buffalo 
liver seems to have significance. Changes in the composition of ECM may 
be detrimental for the viability of hepatocytes during progression of liver 
cirrhosis. The role of SPARC/Osteonectin in human hepatocellular 
carcinoma has been reported (Le Bail et al., 1999). Owing to its 
conservation in human and non-human systems, the fate of Smoc-I gene 
may be studied in human liver cirrhosis, hepatocellular carcinoma and 





Present study deals with the identification and characterization of the 
mRNA transcripts tagged with the simple repeats of the GACA, GATA and 
33.15 repeats in water buffalo as a model system, which unveiled the 
differential organization and expression of these transcripts among 
different tissues and spermatozoa. Moreover, the detailed isolation and 
characterization of the full length Smoc-1 and c-kit genes were also 
performed to gain insight into their structural and functional organization, 
expressional status and chromosomal localization. The following points 
summarize the outcome of this work highlighting the novel potential 
implications of the MASA uncovered mRNA transcripts in the 
spermatogenesis, fertilization and several other regulatory pathways: 
1. The in-silico distributional analyses of the GACA and GATA repeats in 
the coding and non-coding genomes of Archeas and 17 eukaryotes 
revealed total absence of these repeats in the prokaryotes, and their 
accumulation in the higher eukaryotes with an increase of their genetic 
complexities during evolution. This highlights the significance of these 
simple repeats in the genome evolution. 
2. The analysis of chromosome-wise distribution for the GACA/GATA 
repeats highlights their preferential accumulation on the mammalian 
sex chromosomes which suggests their involutions in functional 
regulation of the sex determination. 
3. MASA using the GACA, GATA and 33.15 repeats uncovered a total of 
616 fragments, encompassing 148 with 33.15 repeat, 332 with GACA, 
and 136 with GATA, from somatic tissues, gonads and spermatozoa. 
This is a novel attempt revealing the existence of the 33.15, GACA and 
GATA-tagged transcripts in the buffalo spermatozoa highlighting their 
involvements during the pre- and post-fertilization events. 
4. Characterization of the MASA uncovered fragments led to the 
identification of a total of 63 different mRNA transcripts (34, GACA-
tagged; 10, GATA-tagged; and 19, 33.15-tagged) in water buffalo. This 
association of repeats with the mRNA transcripts, which can be study 
acquires considerable significance since it establishes the extrapolated 
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to establish the conclusive significance of other repeats within and 
adjacent to the coding regions. 
5. Exclusive presence of several GACA-/ 33.15-tagged transcripts in a 
tissue or spermatozoa, and absence of the GATA-tagged transcripts in 
lung/heart highlights their differential transcript profiles. Several tissue-
specific transcripts demonstrate their exclusive requirement in that 
tissue and their absence showed the transcriptional quiescence in 
other tissues. 
6. The homology search established the novel status of about 50% of the 
GACA-/33.15-tagged and all the GATA-tagged transcripts 
corroborating their species-specific distribution. However, the 
transcripts showing homology to characterized genes were either 
involved in signal transduction or cell-cell interaction pathways 
indicating their crucial roles in various cellular functions essential for 
the life cycle of a cell. 
7. Present study also established the GACA richness of the buffalo 
transcriptome while other species including human were observed to 
be GATA rich. The GC-richness seems to be unique for the buffalo 
genome organization and thus for replication timings, methylation and 
gene expression. 
8. All these uncovered mRNA transcripts showed faithful evolutionary 
conservation across thirteen different species, suggesting broader 
significance of the 33.15 and GACA/GATA repeats and their tagged 
transcripts in eukaryotes. 
9. Of all the transcripts, approximately 35% demonstrated inter-tissue 
and/or tissue-spermatozoal sequence polymorphisms which were 
confirmed in 5-10 additional animals. This may be explained either 
towards their various functions in different tissues and spermatozoa, or 
differential functions at various stages of development. 
10. The quantitative expressional studies demonstrated the uniform 
expression of about 30% GACA-tagged in all the sources, whereas 
10% GACA-tagged and 15% 33.15 tagged transcripts with highest 
expression in the liver or spleen indicated their putative involvement in 
the hepatocellular and immunological activities, respectively. 
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11. Most interestingly, the exclusive or highest expression of 60% GACA-
tagged, 85% 33.15-tagged, and 100% GATA-tagged transcripts in the 
testis and/or spermatozoa substantiating their deep involutions in 
various testicular functions like spermatogenesis and male gonad 
development. 
12. The full length CDS of proto-oncogene c-kit (2973 bp) from different 
tissues, and Secreted modular calcium binding protein-1 (3474 bp) 
from liver, of water buffalo were isolated. 
13. Upon comparison, the c-kit sequences showed tissue-specific 
nucleotide insertions, deletions and changes resulting in novel 
truncated peptides. These peptides lacked intracellular and/or 
transmembrane domains in all other tissues. However, only testis was 
found to encode full length c-kit protein which highlighted its tissue and 
stage specific functions. 
14. C-kit, implicated with spermatogenesis, melanogenesis and 
hematopoeisis, was found to undergo tissue-specific alternate splicing. 
These alternately spliced transcripts were the integral parts of the open 
reading frame and have been reported in other mammals. 
15. Multiple sequence alignment of c-kit sequences across the mammals 
revealed a unique tyrosine kinase domain in buffalo compared to that 
in other species, suggesting the species-specific organization and 
function of c-kit. 
16. The expressional analysis of c-kit unveiled its highest expression in 
testis, and 10 times lesser in spermatozoa compared to that in testis 
which substantiates its predominant role in spermatogenesis. This 
study establishes unequivocal involvement of an autosomal gene c-kit 
receptor in testicular functions. 
17. Present study demonstrates the association of the consensus 
sequence of minisatellite 33.15 with the Smoc-I which was found to 
encode a secreted matricellular glycoprotein containing two EF-hand 
calcium binding motifs homologous to that of BM-40/SPARC family 
which suggest their property of calcium binding. 
18. This gene consisting of 12 exons was mapped onto the acrocentric 
chromosome 11 in buffalo. Though this gene was found to be 
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evolutionarily conserved, the buffalo Smoc-^ showed conspicuous 
nucleotide/amino acid changes altering its secondary structure 
compared to that in other mammals. This suggests their species-
specific organizational and functional uniqueness. 
19. Two EF-hand motifs in the ECD conformed well to its calcium binding 
affinity and N-glycosylation site at Asn-214 suggesting its glycoprotein 
nature with a calcium dependent conformation. 
20. For the first time, we unveiled two transcript variants of this gene, 
varying in their 3'UTR lengths but both coding for identical protein(s). 
Buffalo S/770C-1 is a single copy number gene, and thus, the presence 
of two variants of this gene may signify either for a backup of the 
transcripts if one is degraded/mutated or for the enhanced protein 
expression. 
21. Buffalo S/r7oc-1 evidenced highest expression of both the variants in 
liver and modest to negligible in other tissues contrary to the earlier 
reports in mouse substantiating species and tissue-specific functions of 
this gene. The relative expression of variant-02 was markedly higher 
compared to that of variant-01 in all the tissues examined, highlighting 
the variant-02 as major transcript and variant-01 as minor one. 
22. Moreover, the expression of Smoc-1, though moderate during the 
early ages, was conspicuously enhanced after 1 year age and 
remained consistently higher during the entire life span of buffalo, with 
the gradual increment in expression of variant-02, intimating its role in 
postnatal development besides embryonic development. Since SmocA 
is thought to be involved in cell-matrix interaction and bone 
mineralization, its fulminant expression at 10 month age and beyond 
which signifies its requirement for growth, development and possible 
sustenance of the animal. 
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A b s t r a c t 
Background: Secreted modular calcium binding protein-1 (Smoc-l) belongs to the BM-40 family which 
has been implicated v/lth tissue remodeling, angiogenesis and bone mineralization. Besides Its anticipated 
role in embryogenesis, Smoc-\ has been characterized only in a few mammalian species. We made use of 
the consensus sequence (5' CACCTCTCCACCTGCC 3') of 33.15 repeat loci to explore the buffalo 
transcriptome and uncovered the Smoc-I transcript tagged with this repeat. The main objective of this 
study was to gain an insight into its structural and functional organization, and expressional status of Smoc-
I in water buffalo, fiuba/us bubo/is. 
Results: We cloned and characterized the buffalo Smoc-1, including its copy number status, in-vitro protein 
expression, tissue & age specific transcription/translation, chromosomal mapping and localization to the 
basement membrane zone. Buffalo Smoc-\ was found to encode a secreted matricellular glycoprotein 
containing two EF-hand calcium binding motifs homologous to that of BM-40/SPARC family. In buffalo, this 
single copy gene consisted of 12 exons and was mapped onto the acrocentric chromosome I I. Though 
this gene was found to be evolutionarily conserved, the buffalo Smoc-I showed conspicuous nucleotide/ 
amino acid changes altering its secondary structure compared to that in other mammals. In silico analysis 
of the Smoc-\ proposed its glycoprotein nature with a calcium dependent conformation. Further, we 
unveiled two transcript variants of this gene, varying in their 3'UTR lengths but both coding for identical 
proteln(s). Smoc-1 evinced highest expression of both the variants in liver and modest to negligible in other 
tissues. The relative expression of variant-02 was markedly higher compared to that of varlant-OI in all the 
tissues examined. Moreover, expression of Smoc-\, though modest during the early ages, was 
conspicuously enhanced after I year and remained consistently higher during the entire life span of buffalo 
with gradual increment in expression of variant-02. Immunohistochemically, Smoc-I was localized in the 
basement membrane zones and extracellular matrices of various tissues. 
Conclusion: These data added to our understandings about the tissue, age and species specific functions 
of the Smoc-\. It also enabled us to demonstrate varying expression of the two transcript variants of Smoc-
I amongst different somatic tissues/gonads and ages, in spite of their identical coding frames. Pursuance of 
these variants for their roles in various disease phenotypes such as hepatocellular carcinoma and 
angiogenesis is envisaged to establish broader biological significance of this gene. 
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Organizational and Expressional Uniqueness of 
a Testis-Specific mRNA Transcript of Protooncogene c-kit 
Receptor in Water Buffalo Bubalus bubalis 
JYOTI SRIVASTAVA,! SANJAY PREMI,^ LALIT C. GARG,^ and SHER ALI^ 
ABSTRACT 
Protooncogene c-kit receptor is implicated with spermatogenesis, melanogenesis, and hematopoeisis, and un-
dergoes tissue/stage specific alternate splicing. We have isolated 2973-bp full-length cDNA sequence (CDS) of 
this gene from testis and other tissues of water buffalo Bubalus bubalis. Upon comparison, the c-kit sequences 
showed tissue specific nucleotide changes resulting in novel truncated peptides. These peptides lacked intra-
cellular and/or transmembrane domains in all the tissues except testis. Other alternately spliced tissue-spe-
cific transcripts were also detected, which are the integral parts of the open reading frame and have been re-
ported in other mammals. Phylogenetic analysis of the sequences revealed unique tyrosine kinase domain in 
buffalo. Copy number calculation and expressional analysis of c-kit using real-time PCR established its sin-
gle copy status and highest expression (137-177 folds) in testis compared to that (least) in liver, c-kit expres-
sion was detected in semen samples although 10 times lesser compared to that in testis. The highest expres-
sion of c-kit in testis and the presence of mRNA transcript in sperms substantiate its predominant role in 
spermatogenesis. This study establishes unequivocal involvement of an autosomal gene c-kit receptor in tes-
ticular function. 
INTRODUCTION amino acids GNNK in the juxtamembrane region have been re-
ported (Reith et ai, 1991; Crosier et al, 1993; Serve et ai, 
T H E PLEioTRopic PROTOONCOGENE C-kit receptor belongs to 1995). In the presence of a stem cell factor (SCF), the GNNK 
transmembrane receptor tyrosine kinases (RTK) family form induces anchorage-independent growth, loss of contact in-
type-3 (Andre et ai, 1992; Chabot et al., 1988) similar to the hibition, and tumorigenecity (Voytuyk et ai, 2003). This gene 
receptors for platelet derived growth factor (PDGF) and mac- is expressed in differentiating Spermatogonia A (Yoshimaga et 
rophage-colony-stimulating factor (M-CSF) (Qiu et al, 1988). ai, 1991; Schrans-Stassen et al., 1999) and B (Manova et al, 
The c-kit glycoprotein includes an immunoglobulin like extra- 1990), in pre-meiotic (Manova et al., 1993) and meiotic sper-
cellular, a single transmembrane, and an intracellular tyrosine- matocytes (Vincent et al., 1998). However, round spermatids 
kinase domain (Galli et al., 1994; Gokkel et ai, 1992). The cy- express an alternative messenger driven by activation of cell 
toplasmic domain is divided by a hydrophilic kinase insert into and stage-specific promoters in the 16th intron (Sorrentino et 
Adenosine triphosphate (ATP) binding and phosphotransferase al., 1991; Albanesi et ai, 1996), which encodes for a truncated 
regions (Hashimoto et al., 2003). The exons and exon-intron c-kit protein (tr-kit). The tr-kit lacks the extracellular domain, 
boundary regions of this gene are conserved, but extracellular transmembrane domain, and ATP-binding sites in the intracel-
domain and intronic sequences show variations across the lular region, and encodes short sequences of the interkinase seg-
species (Reith et al., 1991; Crosier et al, 1993). Despite orga- ment, phosphotransferase domain, and the carboxyl-terminal 
nizational variations within the extracellular domain, the c-kit tail of the receptor. Similarly, expression of SCF has been doc-
gene is functionally conserved and undergoes tissue and stage- umented in Sertoli cells during different stages of development 
specific alternative sphcing (Serve et al., 1995). Two isoforms both as soluble and membrane-bound proteins (Anderson et ai, 
of c-kit in the mouse and four in humans with alteration of four 1990; Toksoz et ai, 1990). 
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Chromosomal Localization, Copy Number Assessment, and 
Transcriptional Status of BamHl Repeat Fractions in 
Water Buffalo Bubalus bubalis 
DEEPALI PATHAK,' JYOTl SRIVASTAVA,' SANJAY PREMI.i MADHULIKA TIWARI,^ 
LALIT C. GARG,2 SUDHIR KUMAR.^ and SHER ALJi 
ABSTRACT 
Higher eukaryotes contain a wide variety of repetitive DNA, although their functions often remain unknown. 
We describe cloning, chromosomal locaUzation, copy number assessment, and transcriptional status of 1378-
and 673-bp repeat fractions in the buffalo genome. The pDS5, representing the 1378-bp fragment, showed 
FISH signals in the centromeric region of acrocentric chromosomes only, whereas pDS4, corresponding to 
673 bp, detected signals in the centromeric regions of all the chromosomes. Crosshybridization studies of pDS5 
and pDS4 with genomic DNA from different sources showed signals only in buffalo, cattle, goat, and sheep. 
Real-time PCR analysis uncovered 1234 and 3420 copies of pDS5 and pDS4 fragments per the haploid genome, 
corresponding to 30 and 68 copies per chromosome, respectively. Analysis of cDNA from different tissues of 
buffalo with Real-time PCR showed maximum expression of pDS5 and pDS4 in the spleen and liver, respec-
tively. Phylogenetic analysis of these sequences showed a close relationship between buffalo and cattle. The 
prospect of this approach in comparative genomics is highlighted. 
INTRODUCTION 
SATELLITE DNA REPRESENTS taiidcmlv repeated scquenees, organized in long, usually tnegabase arrays, and located in 
the pericentromcric and/or telomcric heterochromatic regions 
(Charlesworth el ciL, 1994). Nucleotide changes and copy num-
ber variations fuel the process of their evolution within and 
across the species (Ugarkovic and Plohl, 2002). Satellite frac-
tion(s), although not conserved evolutionarily (Amor and Choo, 
2002), are unique to a species and usually show similarity 
among related groups of animals (Ali and Gangadharan, 2000; 
Henikoff et al., 2001). With respect to the functional role of 
these sequences, uncertainty persisted for a long time, and it 
was largely believed that they represent detritus part of the 
genome (Ohno, 1972). However, recent studies have shown re-
peat elements influencing the structure, function, and evolution 
of the chromosomes in the host species (Sinden, 1999; Dey and 
Rath, 2005). Studies on centromeric and telomeric sequences, 
retrotransposons, and Alu-repcats have substantiated this view 
(Grady et al., 1992; Wolffe, 1989). Similarly, expansion of tri-
nucleotide repeats leading to hereditary neurodegenerative dis-
eases in humans has highlighted the importance of repeat ele-
ments in mammalian genome (Paulson, 1999). Short tandem 
repeat (STR) motifs and microsatcllites are frequently used as 
markers for genotyping, genome mapping, species diversity, 
and molecular mining of the satellite tagged transcribing se-
quences (Chattopadhyay et al., 2001; Srivastava et al., 2006). 
Centromeric heterochromatic sequences participate in the kine-
tochore activities during cell division (Mellone et al.. 2003). 
These sequences have been well characterized in humans 
(Schueler et al, 2001), the mouse (Broccoli et al., 1991), 
Drosophila (Sun et al., 1997), and cattle (Plucienniczak et al., 
1982; Taparowsky and Gerbi, 1982; Nijman and Lenstra, 2001). 
However, their organizational, evolutionary, and transcriptional 
status in buffalo genome remains unknown, despite the fact that 
this is an important species for agricultural and dairy industries 
throughout the Indian subcontinent. 
We describe cloning, chromosomal localization by fluores-
cence in situ hybridization (FISH), copy number assessment, 
and transcriptional status of 1378 and 673 bp repeat fractions 
'Molecular Genetics Laboratory, ^Gcne Regulation Laboratory, National Institute of Immunology, New Delhi, India. 
206 
D A A D CELL BIOLOGY 
Volume 25, umbe r 1, 2006 
© Mary Ann Liebert, Inc. 
Pp. 31-48 
Transcriptional Status of Known and Novel Genes Tagged 
with Consensus of 33.15 Repeat Loci Employing 
Minisatellite-Associated Sequence Amplification (MASA) 
and Real-Time PCR in Water Buffalo, Bubalus hubalis 
JYOTI SRIVASTAVA,! SANJAY PREMI,i DEEPALI PATHAK.^ ZAID AHSAN,^ MADHULIKA TIWARI? 
LALIT C. GARG 2 and SHER ALI' 
ABSTRACT 
We conducted minisatellite-associated sequence amplification (MASA) with an oligo (5' CACCTCTCCAC-
CTGCC 3') based on consensus of 33.15 repeat loci using cDNA from the testis, ovary, spleen, kidney, heart, 
liver, and lung of water buffalo Bubalus bubalis and uncovered 25 amplicons of six different sizes (1263, 
846/847, 602, 576, 487, and 324 base pairs). These fragments, cloned and sequenced, were found to represent 
several functional, regulatory, and structural genes. Blast search of all the 25 amplicons showed homologies 
with 43 transcribing genes across the species. Of these, the 846/847-bp fragment, having homology with the 
adenylate kinase gene, showed nucleotide changes at six identical places in the ovary and testis. The 1263; 
324; and 487-bp fragments showed homology with the secreted modular calcium binding protein (SMOC-1), 
leucine-rich repeat neuronal 6A (LRRN6A) mRNA, and human TTTY5 niRNA, respectively. Real-time PCR 
showed maximum expression of AKL, LRRN6A, and T-cell receptor gamma (TCR-y)-like genes in the testis, 
SMOC-1 in the liver, and the T-cell receptor-like (TCRL) gene in the spleen compared to those used as en-
dogenous control. We construe that these genes have evolved from a common progenitor and conformed to 
various biological functions during the course of evolution. MASA approach coupled with real-time PCR has 
potentials to uncover accurate expression of a large number of genes within and across the species circum-
venting the screening of cDNA library. 
INTRODUCTION and expand, fuelling the process of copy number alteration 
(.John and Ali, 1997; Nakamura et al., 1987), and have been as-
AN EUKARYOTic GENOME Contains a sizable portion of repet- sociated with tumorigenesis and genetic anomalies (Epplen, 
itivc DNA besides single or multiple copies of the tran- 1988; Kizawa el al., 2005; Ross et al., 2005). The 16 nucleotide 
scribing sequence (Nadir er fl/., 1996; Wickstead er n/., 2004). long (5' CACCTCTCCACCTGCC 3') consensus of 33.15 
Coding sequences may be organized in the proximity of the repeat loci originating from the human myoglobin gene 
noncoding short tandem repeats (STR), or may harbor such mo- (7q35-q36) studied in a number of species (Ali and Wallace, 
tifs within themselves (Johansson et al., 1992). A large num- 1988; Jeffreys el al., 1985; Weitzel et al., 1988) have also been 
ber of mega-, mini-, and microsatellite sequences have been found to be associated with heterochroinatic sequences of the 
characterized from a number of species (Jeffreys et al., 1988). human Y chroinosome (Bashamboo and Ali, 2001). We wanted 
Some of these are evolutionarily conserved (Tautz, 1989; Rob- to ascertain if this repeat motif is part of mRNA transcripts of 
les et al., 2004), whereas others remain unique to a given structural, functional, and regulatory genes and involved in up-
genome (Ali et al., 1999). Repeat sequences are known to shrink or downregulation of these genes in somatic tis,sues and gonads. 
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